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SUMMARY 
In the light of the requirement for a controllable and 
reliable extrusion plant for preforming various types of 
inorganic pigment into spaghetti shape onto a convective band 
. dryer to facilitate drying, a study of the preforming method 
currently in use by the sponsors has revealed that the screw 
extruder being used cannot perform this function satisfactorily. 
The main reason being the thixotropic nature of the pigments. 
They do not readily tolerate mixing. or working, which is 
inherent in the screw extruder. This necessitated a study of 
other preforming methods. 
The thesis reviews the available methods of preforming, 
existing theories on extrusion of material, and various extruder 
concepts generated during the initial stages of the project. 
The concept chosen is discussed. A mathematical model based 
on test results carried out on a Laboratory model of the 
chosen extruder concept and tile complete design of the full 
scale extrusion machine, together with its charging units and 
the plants' control system is presented. 
An analysis of the performance tests carried out on the 
new plant is discussed. 
The thesis concludes with a comparison between the new 
plant and the screw extruder in current use regarding their 
performances and product qualities. Proposals for further 
work and test are also made. 
(iil) 
NOTATION 
A = Extrusion cylinder cross sectional area fiL~2 
a = Extrudate cro~s sectional area mm2 
D = Extru'sion cylinder diameter mm 
d = Extrudate diameter mm 
Dl = Barrel diameter mm 
D2 = Hole diameter mm 
X = Length of zone 1 mm 
P = Extrusion pressure MPa 
PE = Pressure behind the piston MPa 
Pc = Pressure at the beginning of the dead zone l·lPa 
PB = Pressure at the die 1-1Pa 
PA = AtmoGplieric pressure FiPa 
.~ = Length of die hole ~.m 
Y = Cohesive yield stress MPa 
.~ = Half angle of cone (dead zone) 
~ = Coefficient of friction 
R = Extrusion ratio defined as the ratio of the extrusion 
cylinder cross sectional area to the total cross 
sectional area of the die holes 
LP = LO-,T pressure pump 
HP = High pressure pump 
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INTRODUCTION 
In 1977 The Engineering Design Centre of Loughborough 
University of Technology (L.U.T.) was asked by Blythe Colours 
Limited, Kidsgrove to investigate the performance and hence 
product quality of the process they were using for the pre-
forming of their cadmium based pigments. The investigation 
. and evaluation would lead to the preparation of a product spe-
cification and the design for manufacture of an equipment to 
supersede the existing extruder if need be. 
Cadmium based pigment is normally processed in t\-1O stages. 
In the first stage the cadmium precipitate is pressed in a 
filter press where excess water is squeezed out after it has 
been washed. ,The cake formed there of is taken into a.pre-
former in the form of a screw extruder where it is preformed 
onto a continuous band dryer where it is dried (see Fig. 1.1). 
At this stage of production the material is called "unfired 
pigment" • In the second stage of production the dried pigment 
from the dryer after the first stage is passed through a high 
temperature oven where it is fired. After this stage of 
production the pigment is known as "fired pigment". The fired 
pigment is sent back to the filter press for washing after 
which it is again preformed and dried. In general the unfired 
and fired pigment paste respectively contain about 45 to 50 
and 25 to 35 percent water prior to extrusion or preforming. 
It: is essential to preform the paste into spaghetti like shape 
to facilitate drying in a forced connected band dryer where 
the water content is reduced to below one percent by \oleight. 
To this end between January and September 1978 the 
Engineering Design Centre of L.U.T. commissioned a team of 
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postgraduate students on the l1asters design course to invest-
igate the problems involved in the pigment production and 
design jf need be a new plant to meet the Company's require-
ments. The author was a member of this team. Tests were carried 
out on various pigments in production at the company by the 
team. It was observed that the main reason why the perfor-
mance of the screw extruder is unsatisfactory is that extru-
sion pressure is applied only to that portion of the material 
actually in the barrel of the extruder and in consequence any 
local zones of inhomogeneity in respect of ~later content of 
the material affects the quality 'of the extrudate leading to 
poor drying. Zones of excessive \letness will be extruded as 
a flowable material or even as slurry thus blocking the air 
passages on the conveyor belt and in consequence not being 
properly dried. A zone of excessive dryness on the other 
hand, will t~1d to block the holes of the extruder. Also due 
to the inherent high shear, high mixing effect in the screl1 
'extruder it causes the material to coalesce because of its 
thixotropic nature. 
After analysing the problems and studying other available 
extrusion equipment it was decided that the best ~lay to over-
come the above problems was to use a preformer in the form 
of a ram extruder. However, from the study of existing 
methods of preforming in those industries processing fluid 
materials of medium to high viscosity such as plastics, food 
stuffs, clays, the scre~l extruder is widely used. 
Various concepts based on the ram extrusion principles 
were generated as discussed in Chapter 4. A detailed eva-
luation of the concepts is given in (1) .• 
• 
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The author took over the project in January 1979 with a 
view to carrying out further studies of the pigment in product-
ion at the sponsors works, the designing, manufacturing and 
commissioning of a complete equipment with the following 
responsibilities: 
(a) design and construction of a Laboratory test facility 
for the determination of the force required to extrude 
various pigments in production, using a ram extruder; 
(b) theoretical and experimental analysis of the ram extruder; 
(c) formulating a system configuration within the constraints 
imposed by existing ancillary equipment; 
(d).the design of the complete extrusion plant, i.e. the 
extrusion machine, its material transfer unit and the 
system control unit; 
(e) the provision of detailed drawings and process specifi-
cation to the manufacturer. of the plant, the supervision 
of and technical liaison with the manufacturer on behalf 
of the sponsoring companYI 
(f) supervision of the installation and commissioning of the 
equipment at the company's works at Kidsgrove and later. 
at Stratford in East London: 
(g) preparation of maintenance manuals; 
(h) testing and evaluation of the complete installation. 
.. 
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CHAPTER 2 
PROJECT OVERVIEW 
In this chapter the initial ,,,ork carried out by the 
project team ( the author et al) is presented, the full detail 
(1) 
of their report is given in • 
2.1 INFORMATION SEARCH 
Early in the project, following a careful study of the 
existing preformers used by the sponsoring company the team 
decided that there are two areas needed to be studied. 
(1) a general investigation of equipment available for pre-
forming of viscous fluids and wet particulate material; 
(2) a detailed investigation into the behaviour of viscous 
fluids and wet particulate material during the pre-
forming process. 
In carrying out the first investigation, the search area 
was divided into sections, viz: 
(i) Type of extruder in use. 
(ii) Industries using extruders. 
(iii) Materials normally extruded. 
(iv) Effect of the extrusion process on the properties of 
the material being extruded. 
The outcome of the investigation showed that the eqUipment 
used for producing preformed viscous fluid and ~Iet parti-
culate materials may be divided into three basic types: 
(i) Direct preformers. 
(ii) Positive displacement pumps. 
(iii) Extruders and other devices where pressure is built 
up through shear flow, intermittent suction, and 
centrifugal action. 
• 
rlECHANICAL 
FIG. TYPE WORKING PREFORM PREFORI-! FEED I-lANUFACTtJRING OF X-SECTION LENGTH SYSTEI-! PRECISION 2- NATERIAL 
1 Granulator Considerable .Hust ·be Short Continuous Low solid 
2 Extruder Considerable Bust be Short Continuous Lo", solid 
3 Gear Pump Considerable Any shape Any length Continuous High 
4 Twin screw Considerable Any shape Any length Continuous High Extruder 
5 Ram extruder Low Any shape Any length Batch l-ledium 
6 Ram pump Low Any shape Any length Continuous High 
. 
7 Peristaltic Moderate Any shape Any length Continuous Hedium Pump 
8 Single 
Screw Considerable Any shape Any length Continuous Medium 
Extruder 
TABLE 2.1 
Comparison chart for preformers (1) 
• 
i--- Hopper 
Driving 
cylinder 
flU a 0 0y Hollow perforated 
. a ayO . drum 
. '"---Pre-formed material 
}'l.I\.2.-1 Granula tor 
Applications: Foodstuffs 
Pharmac!'uticals. 
Paint Pigments 
Fig.z-:S Gear pump 
App lica tions : Foodstuffs 
Chemicals 
Pharmaceuticals 
• 
7 -
Rotating bar, can be terminated 
in rollers, (as shown), wiper blades 
or cams. • 
Hopper 
........ Hateria 
sheet 
Fig.2-2 Extruder (Roller type) 
Applications: Foodstuffs 
Pharmaceuticals 
Paint Pigments 
Material 
Parallel or 
Material extruded through die holes. 
-I 
Fig.2-4Twin-screwextruder 
Application: Plastics 
• 
o. 
Fig.2-7 Ram pump 
Application: Concrete pumping 
+ 
Fig. 2-7 Peristaltic pump 
. Applications: Slurry 
Cream 
Many other fluids 
o • 
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• 
Material 
Material extruded through 
die hOlels 
. I . 
Fig.2-6 Simple ram 
Applications: Metal extrusion 
• 0 
. Plastic extrusion 
Hopper 
Material 
) 
Parallel or tapered 
!lu~ers 
Material extruded through die 
hole/s. 
Fig.2-B Single screw extruder 
Applications: many applications 
including: 
Foodstuffs 
Clays and ceramics 
Plastics 
• wo 
FILTER CAKES OF UNFIRED PIGMENTS 
. 
SF..ADE CODE COMPN SPECIFIC GRAVITY MOISTURE CONTENT 
g/cc 
Pure Yellow Y37 cds 1.65 47.9% Y01 1.78 48.6% 
Pure Primrose P06 
cds.Zns 1.72 49.8% ~ . P91 1. 66 53.2% 
Lithopones LOO ) 1.92 45.9% 
. L02 ) Cds.zns.BaS04 
L57 cds.NaS04 1.66 48.1% 
Orange ROl Increase in cds 1. 78 50.0% R02 1.65 49.7% 
Light Red R03 ~ 1.90 44.7% 
Hedium Red R04 Cds.Cdse 1.80 46.1% 
Deep Red R06 
• 
2.0 42.5% R07 1.88 46.5% 
Haroon M;96 1.28 46.5% Increase in edse 
r.l59 1.72 51. 7% 
',. TABU;' 2. 2 
Material properties, unfired pigments 
• 
SHADE CODE 
Pure Yellc;:M Y77 YOl 
Pure Primrose P06 P91 
Lithopones LOO L02 
LS7 
Orange ROl 
Orange R02 
Light Red R03 
t1ed; Red R04 
ROS 
Deep Red ROG 
007 
Maroon M96 
MS9 
• 
FILTER CAKES OF FIRED PIGMENTS 
COMpN SPECIFIC GRAVITY 
g/cc 
l cds 2.36 ) 2.50 
l cds.Zns 2.54 ) 2.38 
l cds.Zns.BaS04 
2.50 
l 2.32 
cds.BaS04 2.38 
Increase 1.92 
in cds 2.04 
+ 2.05 
cds.Cdse 2.17 2.38 
+ 
2.27 
. 
Increase 2.50 
in cds 2.50 
TABLE 2.3 
Material properties fired pigments 
MOISTURE CONTENT 
25.4% 
28.9% 
24. (~ 
26.1% 
23.8% 
24.9% 
26.2% 
36.3% 
33.1% 
33.1% 
30.7% 
27.2% 
28.9% 
26.8% 
26.9% 
I 
t-
o 
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Sketches and brief descriptions of typical devices 
belonging to the above categories are shown in Figs. 2.1 to 
2.8. The granulator .and the Roller type extruder, Figs •. 2.1 
and 2.1 respectively are direct preformers. The Gear pump, 
Twin screw, Ram pump, Simple ram, and the Peristaltic, Figs~ 
2.3, 2.4, 2.5, 2.6, 2.7 respectively are positive displacement. 
The screw extruder, Fig. 2.8 belongs to the third group \~here 
pressure is built up by shear flow. 
From Table 2.1 it is seen that most of the currently 
used methods of preforming tend to mj_x the materials, often 
excessively. 
Since the material is inhol!\ogenous, thixotropic, i. e 
would not tolerate excessive mixing. Investigation of other 
methods in which mixing is at a minimum was found necessary. 
A form of ram extruder was chosen as the basis for a 
new design. 
An information search of the physical and flow character-
istics of cadmium pigments revealed disappointingly that 
such information was not available. It was decided therefore 
that a test programme be carried out to resolve areas of 
uncertainty. 
2.2 H1\TERIAL PROPERTIES 
Information relating to the material chemical composition, 
density, specific gravity and moisture content, as supplied 
by the sponsors is shown in Table 2.2 and 2.3. 
Information relating to the rheological properties of 
clay - water materials and the behaviour \'Ihen subjected to 
an extrusion process \'Iere found in (2) •. 
- 12 -
A small scale ram extruder was built to enable the team to 
determine the bulk flow properties of pigments. Tests were 
also carried out' to determine the shear stress and angle of 
friction of the material in the line set out in(3) and(4) 
Test results for the small scale ram extruder are discussed 
in Chapter 3. 
The observed shear stress are tabulated in Table 2.4 
together with their :t'est methods. 
It was observed that the shear stress (or cohesion val~e) 
of the pigment increases with compact ion pressure. 
2.2.1 Conclusion 
A series of tests were carried out on the ram extruder 
model by the project team. From the test results obtained 
the follOl'l1ng conclusions \~ere drawn: 
(1) That the extrusion force required to extrude various 
pigments at·. the same extrusion rate and extrusion ratio 
depends on their yield stress i.e. an increase in the 
latter is accompanied by an increase in the former, 
(see Table 2.5). 
(2) That some pigment particles absorb and retain \-later \'Ihich 
is gradually squeezed out during extrusion process. Thus 
there is a controlled flo\~ of die lubrication, (see Fig. 
2.9a). This type of pigment (e.g. unfired yellow) 
requires 10l~er extrusion force. 
(3) Other pigment particles are non-absorbent and. all the water 
ls contained between particles. Thus during extrusion 
the \~ater drains away readily and only part of it is 
available for die lubrication, (Fig. 2.9h) an example 
- 13 -
PIGMENT AVERAGE VALUE 
MATERIAL PRESSURE P OR FOR COHESION TEST NETHOD CONDITION OF 
PIGHENT 
KN/m2 Ibf/in2 
U/F Yellow Uncompacted 17.5 2.54 lVeissenberg 
Rheo'meter 
p = 14 kN/m2 22.7 3.3 Shear Box 
, 
kN/m2 p = 43 34.8 5.0 Shear Box 
p = 56 kJ."'I/m2 40.9 5.9 Shear Box 
p = 67 kN/m2 >40.9 5.9 Shear Box 
Slightly·· compacted 43 6.2 Lab. Vane 
U/F Red Uncompacted 27.6 4.0 Weissenberg 
Rheo'meter 
U/F Lithopone Uncompacted 97 14.0 Lab. Vane 
Fired Lithopone Slightly compacted 11.5 
I· 
1.2 Lab. Vane 
TABLE 2.4 
Experimental Shear Stress. values for Pigments (1) 
" 
Shear Stress Extrusion Rate Extrusion MATERIAL from Tests 
and Die Aperture Force 
kN/m2 
.lbf/in2 (50 mm Dia.Ram) kgf. Ibf 
Fired Lithopone 11.5 1.2 120 mm/si 5.5 mm 95 209 
U/F Red 27.6 4.0 120 mm/si 5.5 f.'Jn 120 264 
U/F Yellow 43 6.2 120 mm/si 5.5 Ir.l1I 160 352 
U/F Lithopone 97 14.0 120 mm/si 5.5 mm 300 660 
TABLE 2.5 
Shear Stress/Extrusion Force Relationships (1) 
- 14-
of this type of pigment is the fired red pigment. 
Electromicrographs of sample pigment are sho\'m in 
Fig. 2.10. 
(4) That a better quality of extrudate, i.e. better texture, 
homogeneity; extrudate continuity and beam strength, is 
obtained at higher extrusion rate. An extrudate velocity 
of around 120~~sec. from a 5.5 mm diameter hole suits 
all the pigments tested. 
(5) That the extrudate produced at around an extrusion rate 
of 120 mm/sec. has a better surface finish than at lower 
or higher rate. Good surface finish of the extrudate 
resul ts in less dust formation during drying. 
2.2.2 Hypothesis 
The follovling hypotheses \1ere developed by the author 
during the test period: 
(a) That, \.,hen extruding wet pigment through a die, at some 
extrudate velocity, liquid will start to migrate through 
the material to lubricate the interface between it and 
the die, see Fig. 2.1la. This is by virtue of "capil·· 
lary pumping action", see Fig. 2.llb. 
(b) That there exists a range of extrudate velocity for 
which the force required to maintain extrusion is minimum. 
That is, as the extrudate velocity increases from zero, 
the extrusion force drops until the minimum force zone 
is reached. After this range, the extrusion force 
starts increasing. 
The minimmn extrusion force depends upon: 
(i) The actual pigment being extruded. 
POROUS GRAINS 
IN1ER-PARTICLE WATER 
FIG 2-9a 
ABSORBENT MODEL 
IMPERVIOUS GRAIN S 
INTER-PARTICLE WATER 
FIG 2-9b 
NON-ABSORBENT MODE L 
.... 
'" 
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-.~-- --~--------------- ------
Unfired Yellow Fired Yellm'l 
Unfired Red Fired Red 
FIG. 2.10 
Electronmicrographs of Pigment Samples 
( x 20) (1) 
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(ii) Its moisture content. 
(iii) The extrusion ratio. 
(iv) Extrudate velocity. 
The second hypothesis was verified by the author and is 
discussed in Chapter 3. 'I'he first hypothesis could not be 
verified due to the time constraints and instrumentation involved. 
2.3 DRYER TEST 
The dryers useq', by the sponsors are supposedly a through 
circulation dryer. The essential features of a through circu-
lation dryer is the passage of hot air through a permeable bed 
of wet material which passes continuously through the dryer. 
A description of the dryer is given in Chapter 4. 
Although the project did not include the design of a 
dryer; it was felt that since the ne\'1 preformer to be designed 
will have its products dried in this manner, it was necessary 
to become familiar with: 
(i) the drying mechanism involved in reducing the moisture 
content of particulate material; 
(ii) the performance,of the existing dryer. 
A model of the dryer constructed was based on the work of 
(5) 
Nonhebel and Moss , . Tests were also carried out to evaluate 
the performance of the dryers. 
Various observations made during the tests are given irl1) 
and the conclusion drawn is as follmls: 
'(i) That the dryer is not operating as a through circulation 
dryer but as a continuous tray dryer. 
(ii) That the fan capacity is too low to generate enough 
pressure 'head to force air through the band. 
(Hi) The perforated plate through which air is discharged onto 
- 19 -
the band is, if anything, acting as a diffuser and does 
not create the mass velocity effect required. 
(iv) The tenperature above the band is too high and can be 
. 0 harmful to the pigment. A maximum temperature of 80 C 
is preferred. 
(v) The high humidity of the almost stagnant air above the 
band has an adverse effect on the dryer efficiency. 
2." l-'lATHEl-Il,TICAL MODEJ" OF THE RAH EXTRUDER 
A mathematical model to describe the behaviour of pigment 
during extrusion was developed by the team and is discussed in 
Chapter 4 •. 
2.5 EQUIPMENT SPECIFICATION 
The team prepared an initial product specification ~lhich 
was presented to the sponsors for their approval. This speci-
fication was later revised and modified by the author. The 
final specification is given in Appendix 'A'. 
2.6 CONCEPTUAL DESIGN 
Following agreement of the product specification with the 
sponsors, various concepts of preformers (twenty-one in all) 
were generated. These concepts \~ere then evaluated using matrix 
techniques,: • The ram extruder concept ~las chosen and the 
\qork done by the team in its development is discussed in 
Chapter 4. 
The team ~10rk concluded with the consideration of various 
approaches based upon the ram extruder concept. This work, 
being minimal and inconclusive due to the course timescale. 
- 20 -
CHAPTER 3 
PfiOCESS ANALYSIS 
In carrying out detail design, safety factors used in 
design calculation are often recognized as being too large and 
probably add unnecessarily to the' product cost. Very often, 
safety factor codes dictate the practice. However, even when 
no code applies as in this case the designer loathes to reduce 
his section dimension arbitrarily. This is particularly true 
if his design is based on principal forces and safety factor 
has been covering the influence of unknown or unstudied secondary 
forces. 
From the literature survey carried out it vTas disappointing 
to note that there were no published matter dealing with the 
extrusion of pigments or like materlals. This being the case 
it was considered not only worthwhile but essential to carry 
out both a theoretical analysis of the ram extrusion process 
and an experimental analysis on a prototype ram extruder. This 
would enable the deduction of logical rules for proportioning 
the important parts that make up the extruder. These rules can 
then be applied in selecting a judicious safety factor thus 
minimizing weight, cost, complexity of form and improved 
reliability. 
~ere are in reality two important parameters to be 
ascertained: 
(i) the forces required to extrude various grades and 
colour of pigmentsJ and 
(ii) the pressure distributio~ within the chamber from where 
it is being extruded. 
- 21 -
3.1 ~IEORETICAL ANALYSIS 
Analytical work in the field of ram extru'sion of pigment 
or like material. could not be found. This might be attributed 
to the fact that these materials are almost exclusively processed 
using the screw extruders. 
Experimental study encounters inherent limitations in the 
absence of adequate theoretical support. Such support is pro-
vided in this sectio!'l pf analytical approach to the study of 
the ram extrusion process of pigment particulate. 
In all extrusion processes the pressure required to extrude 
is usually the sum of three terms: 
P = fey) + ftp) + f(C) 
In the case of pigment· Y can be termed the cohesive stress 
, 
of the particulate mass, p the coefficient of friction',between 
particles and the walls of the extrusion chamber and C is the 
geometrical factor that is essentially defined in terms of the 
piston and die configuration. 
The structure of the pigment influences its cohesive 
stress. The coefficient of friction depends on the water content 
of the pigment, its ch~~ical and physical characteristics. The 
geometry of the extrusion chamber and the die \~il1 largely 
determine the constraints that are imposed upon the material in 
altering its shape and therefore determines the manner in which 
it flows. 
3.1.1 Work and Pressure for Homoqeneous Deformation 
. 
By considering the elemental work done in deforming a pre-
compacted slug of pigment from its original form and then inte-
grating this over the whole deformation region, the force required 
- 22 -
to carry out the deformation assuming a uniform defonnation in 
the absence of friction and die constraint would be obtained • 
• 
In the compacted pigment has an instantaneous yield 
stress Y at the strain E corresponding to an appropriate cross-
section area a and length ~, the increment of work done in 
increasing the length of the specimen by o~ beyond this strain 
is given by the product of force and displacement 
oW = (Ya) o~ 
The increment of work done, per unit volume V is: 
oW 
V = = 
Assuming that the volume remains constant we may integrate 
this expression between the original length ~o and final length tl 
\ 
Area A 
Initial Form 
W 
V = 
~1 J Y d~ 
10 , 
I'"" 
FIG.3.l 
L1 ., 
H I 
Area a 
Final Form 
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This gives the result that the work done per unit volume in 
homogeneous deformation is equal to the area of the stress -
strain curve, between the appropriate strain values. This 
result was also obtained by Siebel and,Fangmeier(16) and G.Sachs 
and W. Eisbein(17) for metals. 
The integral may be evaluated directly from the dimension 
change, assuming 
W 
V 
an average yield 
tl 
= Y S 
t 
o 
dt 
r 
= 
stress Y. 
If A was the original area of the slug and a l ~he final 
area after deformation: 
then V = Ato = alt l 
• tl A 
• • = 
to al 
substituting in the equation for W/V we have: 
W 
V = 
In the extrusion process this work is done by a force or 
pressure pushing the material through the die, if this force 
is PA where P is the force per unit area causing extrusion to 
take place, then 
W 
• 
• • P 
= 
= 
w 
V 
= PV 
... 
u 
• t • • 
• • • . • (1) 
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Although the coefficient of friction between material 
particles and extrusion chamber wall may be reduced to a low 
value due to the presence of water in the material, it is 
clear that the extrusion process will always operate with some 
c~straints imposed upon the flow of material by the die and 
thus cannot be homogeneous. 
The result of the shear box test carried out by the author 
et al(l) on unfired yellow pigment, Table 3.1 indicated that 
the yield stress of the pigment increases with increase in 
compaction pressure. The rheological test result, Table 3.2 
Normal stress Shear stress 
fc = PIA = F/A 
P (N) F(N) 
(kN/m2) (lbf/in~) 2 (kN/m ) (lbf/in2) 
9.5 15 14.4 2.1 22.7 3.3 
28.5 23 43.2 6.3 34.8 5.0 
37.5 27 56.8 8.2 40.9 5.9 
TABLE 3.1 
Results from Shear Box Tests, (for Unfired Yellow Samples) (1) 
Material Tested 
Unfired Yellow Unfired Red 
Strain Test 
~ate_l Duration Shear Stress Shear Stress y (S ) (S) 
(kN/m2) (lbf/in2) (kN/m2) (lhf/in2) 
0.017 60 18.7 2.71 37.3 5.41 
0.167 60 18.8 2.73 26.0 3.75 
1.670 60 17.0 2.47 19.5 2.82 
16.670 60 15.4 2.23 - I -
TABLE 3.2 
Results from \~eissenberg R~ologcniometer Tests (1) 
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shows that the yield stress is also strain rate dependent. 
Thus the ideal equation ~labove cannot be applied, since the 
functional relationship between the pressure, strain rate and 
yield stress is not exactly known. 
To involve the effect· of friction and inhomogeneous deform-
ation in the ideal pressure equation it can be assumed that 
during an extrusion process, the drop in power required during 
the extrusion of long billets is .ascribable entirely to reduced 
friction between the compacted pigmen t and the wall of the 
" extrusion chamber, (see Fig. 3.2); the additional force that 
ClI 
1-1 
::I 
III 
III 
ClI 
1-1 
'" 5 
oM 
III 
::I 
1-1 
~ 
'Dead 
P Po 
L-________ ~ ______________ ~L-______ ~ 
Piston displacement from die 
FIG. 3.2 
(Typical pres3ure~: curv~s .. for extrusion of pigment) 
this entails can be evaluated as shown belm!. 
If a thin slice of the compacted pigment, of area A and 
thickness dx (see Fig. 3.3), is in equilibrium, then the force 
on the face nearest to the ram equals the frictional force 
-~--~-- ------.~----, ---, - .. 
<acHngat tl1ecylindrical surface plus the force on the 
I 
I 
01'[:>0 si te : face Le. AdP. = 1TDdx. llP 
"~,-" 
. \vhere P is the pressure, 0 the diameter of the compacte:d pigment 
and II the coefficient of friction between the .pigment concerned. 
Hence 
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L 
-[ 
p D 
FIG. 3.3 
Single die direct extrusion 
dP p. = 
= 
110 "dx A .. 
4lJdx 
n-
On integration over the length L of the pigment excluding the 
dead zone, this gives: . 
P = Po expU ilL/D) ••••••• (2) 
where P is the maximum pressure, at the beginning of extrusion, 
and Po the minimum pressure, given by the ideal equation 1 above, 
(see Fig. 3.1). From the experimental pressure/piston displace-
ment curves obtained (see Figs. 3.10 to 3.17) the curvature of 
the line joining P and Po (Fig. 3.2) is small, and can be approxi-
mated to a straight line of slope represented by the tangent 
to tile exponential curve at the maximum piston travel excluding 
the dead zone, 
p = 
then equation 2 
Po (1 + !l!!! ) 
. 0 
becomes: 
••••••• 
(3) 
In arriving at equation 3 it was assumed that the pressure r::,.., 
acting on the extrusion chamber wall Pt is equal to the mean 
axial pressure P ins.ide the undeformed compacted pigment, however, 
experiment by the author et al shows that it is less thrul the 
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latter, but that the pressure acting on the chamber wall c'Pt: IS 
related to the axial pressure by: 
'where Kis the ratio of the transverse, to axial solid pressure. 
Equation 3 is then modified to: 
P = Po (1 + 4 J.!Kt) D ....... (4) 
Again tests have shown that the coefficient of friction 
J.! for each pigment varies with extrusion pressure (see Table 
3.3) for some pigments. 
The fact that the yield stress and the coefficient of 
friction are both dependent on the extrusion pressure and the 
material being extruded prompted the author et al to formulate 
other mathematical models based upon a power equation. The 
material within the extrusion chamber was divided into three 
zones, (see Fig. 3.4). The area in \~hich the material is 
moving parallel to the extrusion chamber wall is labelled zone 1; 
and the area where the material defonr.'O to pass through the,die 
hole is labelled zone 2. In zone 2 deformation or reduction 
of the cross sectional area takes place and a part of the 
material becomes stationary behind the die (dead zone). Finally 
the material flows into zone 3 to e,merge as extrudat.e.: 1)' . 
as der.ived ~ll' , 
The equations for pressure in each zoneAfor materials 
with coefficient of friction 1J :: Kpn are 
PB = PA (1 - 41\rl LDPAn ) -l/n (a) ....... 
J)l. 
-l/n 
" Pc PB (1 - 2Kn f (Ln gl) PB) (b) = tan ii1 .... 2 
(-n LD -l/n PE 4K X _ 4Knf (L-X) Lngl) = PA. -4Kn U2 - . n Dl D1-D2' 2 ••• ( cl 
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Friction/ Approximate Approximate 
pressure pressure at value of 
Material relationship which ).1 became constant ).1 
constant '/ 
• 
bar lbf/in 2 
Unfired Red ).1=0. 32p -0.119 3 45 0.16 
Fired Orange =0 43 -0.228 ).l • P . 4 60 0.1 
Fired Yellow ).1=1. 68p -0.74 5 75 0.09 
Fired Red -0 9 ).l=1.75p • 5 75 0.04 
Unfired Yellow ).l=2.3l6p-O.84 7 105 0.05 
Unfired Lithopone ).l= 6p -1.06 8 120 0.04 
TABLE 3.3 
Friction/Pressure relationship(ll 
L 
x 
F Dl 
Zone 3 
Zone 1 D2 
Dead zone 
FIG. 3.4 
Mathematical Model for Ram Extrusion (1) 
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for materials with \.l = constant, C (e.g. fired Orange and 
unfired Red pigment) the pressure equation were also derived as: 
R.nPB = tnP]I.: 
tnPc = .R. nP. B 
= 
+ 
+ 
+ 
4C 
to D2 
2Cf 
tan 11; 
4CX 
or + 
... " " " " Cd) 
°1 . (e) n 
" " " .. 
°2 \ 
4CLO 
""'i52 ... 
The variable 'f' in equations (b), (c), (e) and (f) were 
found empiricaily for the pigments as shown in Table 3.4. 
The complexity of these equations is obvious. Five cons-
tants C, f, K, n and \.l have to be determined for each pigment, 
this will obviously decrease the accuracy of the results 
obtained when it is applied in practice. Extrusion pressures 
obtained using the above equation varies from between 45% for 
single hole die to 300 per cent for multiple hole die ram 
extrusion process. 
Since the proposed ram extruder has to have multiple hole 
(f) 
dies it was considered essential to determine a more acceptable 
model. 
Work by Johnson and Kudo(7) and Shappard and Greasley(8) 
shows that direct extrusion process can be represented by 
the equation: 
P=a+binR 
" .. " " " " " 
(5) 
where P is tile maximum extrusion pressure R the extrusion ratio, 
a and b are constants that reflect upon the extrusion speed, 
die contour, lubrication and other properties particular to 
the material being extruded. 
Johnson and Kudo(7) derived the equation using slip-line 
field theory while Shappard and Greasley(8) derived it empirically. 
.. 
• 
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Purchase and Tupper (9 ) obtained a curve (see Fig. 3.5) which 
can be represented by equation (5). 
Although equation (5) is strictly empirical it has its 
origins in slip-line field theory and has the advantage that 
it is relatively simple to manipulate and the constants can 
be derived easily. It is interesting to note the resemblance 
of equation (1) to equation (5). 
The results obtained from', equation (5) are claimed to 
have an accuracy of about 10 per cent except for extrusion 
ratios below about 4 (tn R = 0.4) where pressure is propor-
tional to R and not tn R. 
The applicability of equation (5) was verified and the 
values of the constants a and b were derived fo'r various pigments 
as discussed in the next section· 
• 
1.1 = C 1.1 = kpn 
MATERIAL f MATERIAL f 
Fired Orange' 6 Fired Red 14 
Unfired Red 0.35 Fired Yellow 13 
Fired Lithopone 4.2 
Unfired Lithopone 7. 
Unfired Yellow 2.8 
TABLE 3.4 
'f' Factor for various materials 
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Comparison of theory and experiment in plane 
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Effect of extrusion ratio upon pressure required 
for extruding various materials through a 900 die 
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from Pugh et al Sheet }letal Ind.l 
3.2 EXPERIHENTAL ANALYSIS 
3.2.1 Extrusion 
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Extrusion tests were performed on 0.5 NN Avery compression 
testing machine in the Department of Civil Engineering at the 
Loughborough University of. Technology. 
Fig. 3. 7 sho~1S the test rig. The extrusion cylinder has 
a boxed rectangular top which supports it on four I beams as 
shown. /; On the closed end of the cylinder 17 holes are drilled 
and tapped such that sui table die sleeves can be scre\.,red into 
them when needed, otherwise the holes are plugged off using 
suitable plug screws. This arrangement enables the extrusion 
ratio R to be varied without having to change the die plate. 
Tests were carried out for extrusion ratios of beb/een 51 and 41~. 
The compression tester is equipped with a Sangamo load 
cell which was connected to the Y input of a PHILLIPS X-Y recorder 
type ~o. PN8141. The piston displacement \'1as monitored by dis-
placement t.ransducer (Fig. 3.8) which was built by the author 
.using a resistance wire. The wiper of the transducer was 
connected to the X input of the recorder. 
The extrusion speed, which governs the prevailing strain 
rate, was controlled by setting the pacer velocity on the 
compression tester • 
. 3.2.2 Pressure/extrusion rate.diagram 
The second hypothesis stated in section 2.2.2(b) was 
verified using unfired yellow pigment at various piston speeds 
(extrusion rate) bet\'leen 17 mm/min and 140 mm/min. with an 
extrusion ratio of 103. 
The plot of the extrusion load versus extrusion speed is 
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shown in Fig. 3 . 9 . It was found that the r e was a r ange of 
speeds in which the ext rusion l oad is minimum as ~las o riginal l y 
believed. At ve ry high extrusion speeds the extrudate exh i b i ts 
poor surface quality characterised by the fir- tree surface 
defect . Extrudate of this type a r e not very suitable f or 
drying as t hey crumble insi de the d ryer an d turn into dust. 
3. 2 .3 Extrusion pressure requirements 
The r esults of previous workers as stated in section 3 .1 
shows that the extrusion p rocess can best be described by t he 
logarithmic l aw r e l ating pressure and extrus ion ratio. They 
u sed the pressure at the end of the extrusion stroke as t he 
pressure paramet e r since this e l iminates the contribution due 
to friction. This law was verified for various p i gments. I, 
minimum of f our t ests I,ere carried out at extrusion r ati os of 
414, 207 , 103 and 51 res pective ly with the piston speed set 
to give an extrus ion r ate of 1 20mm/sec, in each case using a 
square edge die . 
The load displacement outpU"t traces obtained from the 
recorder are shown i n Fi gs .3.10 to 3.17. 
Each trace can be divided into t wo r egi ons, the compaction 
r e gion and the extrusion r e gion . . In the compaction r egion there 
is a linea r increase in load until the stock in cylinder attains 
its extrus ion density, after which the load drops or remai ns 
constan t depending on the pigment being extruded . 
The extrusion region can be sub- divided into two zones ; 
zones 1 and 2 (Fig . 3.4 ). Zone 1 is the normal extrus i on zone 
in which t he material movement is paral l e l to the container 
walls. Zone 2, the dead zone is close to the die in ~lhich 
- 3G -
area r eduction takes place . I-Ihen the piston enters zone 2 , 
the extrusion load starts increasing as the piston continues 
to destroy the conical dead zone formed by the material. 
As it is essential on the full scale machine to extrude 
virtually all the material in the cylinder , the pressure at the 
end of the stroke n~ from the die face was selected as the 
maximum extrusion load that will be r equi r ed . 
The logarithmic l aw curves for the various pigment s 
investigated a r e shown in Fig. 3.1 8 and the equations of linear 
fit obtai ned are given in 'rable 3.G. 
Pigment Type Rela t ionship P = a+b ~n R 
R05 Fired P = - 2030 + 1 07 ~n R 
M59 Fired P = - 2632 + 1141 in R 
ROl Fired P = - 2457 + 1000 ~n R 
Y77 Fired P = 
-
1092 + 518 ~n R 
POG Unfired P = 0 + 259 ~n R 
ROl Unfired P = 784 + 98 ~n R 
Y77 Unfired P = 210 + 93.1 ~n R 
R0 4 Unfired P = G86 '+- 322 1n R 
TABLE 3 . 6 
'1'bo se equa t ions are a pp licable to extrusion r a tio anmle 12 . 
3 . 3 CONCLUS ION 
Figure 3.18 shows that the extrusion p r essure is in 'fact 
a function .of ~n R as in conventional extrusion process . 
Figure 3.9 shO\~s that the extrusion pressure varies with the 
speed of the piston . It is accepted that during conve ntional 
mechanical \"/Orki ng the re exist a relationship which shows t hat 
the yield stress of the materi al (and hence the e xtrusion pre ssure ) 
increase s as the strain r ate increases . 
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Figure 3.18 shows that there is less increase in 
pressure with increase in extrusion r atio for the unfired 
pigments as compa r ed with the fired ones. This is in agr ee-
ment wit h the original work c arried out by the aut,1or et a l (1) 
suggesting that more r edun dant wo rk is r equired for the non-
absorbent fired pigment particles . The non-abso r bability of this 
grade of p i gment r e sults inevi tably in the water originally 
c ontained in the pigment draining a~lay during extrusion , not 
b e ing retained in the body of the pigment , contributing little 
to the slip plane lubrication. 
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CHAPTER 4 
THE DESIGN OF THE EXTRUDER 
The fundamental requirements for a plant Ivhi ch extrude 
pigment as requested by the sponsoring firm are as follows: 
(i) That the degree of handling of the pigl"ent be minimum. 
(ii) The emerging extrudate from the extrus i on p lant should 
be of good quality. 
A good quality extrudate being one that has the following 
attributes. 
(a ) Good beam strength, thus making possible tl,e formation 
of uniform bed depth and good air passage on the band 
dryer . 
(b) Homogeneous, compact internal structure that allows for 
rap id migration of water during drying . 
(c) Good surface finish that minimises dust formation on 
the finally dried material. 
, (d) Good "colour strength" . "Colour strength" is a measure 
of the amount of pigment required in the base material 
(paint or plastics) , to satisfy the precise colour requirE:-
rnents of the customer. "Colour strength" can be adversely 
affected by excessive mechanical \'lorking and excessive 
drying time and temperature all of ~Ihich tend to alter 
the pigment structure. 
4.1 ANCILLARY EQUIP~NT 
. In this chapter the approach has been to examine all 
ancillary equipments currently being used in the pigment product-
ion process and to outline the constraint they impose on the 
new design , and from this to determine a suitable overall 
system configuration . 
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4.1.1 The filter press 
'l'he filter p ress i s used to wash and fil te r pigment s lurry. 
The press i s as ShovlD in Fig. 4.1. The bas ic s t ruct u r e of the 
filter press comprises a fixed end, crossnut Q~it, deep secti on 
side bars, a -moving end casting wh ich closes the the press pack 
tight and runs on t he side ba r s . 
The p r e ss pack I"hich qtn consist of e ithe r p l a t es and 
frames or r ecessed p lates is carried o n the side bars and 
supports t he filter media. 
The press i s filled by o pening a set of valves which a llow 
pigment slurry into the filtering chambers. After the chambe r s 
have been filled , filtration commen ces and t h e ca~e builds up 
in the chambe r. All valves are the n closed and a ~lash liquor 
is allmled i n ' t h rough the app rop ria te valve. At the e nd of 
the \-lash cycle the was h liquor is allowed to drain avlay. 
The I.ashed filter cakes are knocked off t he p l ate pack 
into skips, Fig. 4.1, placed unde r the pack and then transported 
to the extruder/dryer. 
The d aylight b e tween the frame and ground varies f rom 
0.8 m for Johnson filters to about l.lm for the Fle tcher fi lte r s . 
4.1.2 The drier 
The .dryers in use at the sponsor's plant are through 
circulati on drye rs purchased f rom A.P.V. Mitche ll of Carlis l e . 
This type of dryer i s popular in situations ",here the material 
to be dried has a c onstant output from a p r eforming device. 
The dryer i s b uilt in modules . Each module consists of 
a high capacity centrifugal fan , steam heating coil and air 
inlet grill. A number of modules a r e joined together to make 
up a dryer in which a conveyor band is driven . 
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FIG 4-1 
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Fresh air is drawn into the drying chamber through inlet 
ports disposed along the dryer as shown in Fig~ 4.2. At the 
entry end of the dryer is positioned one exhaust fan for 
exhausting the humid air to atmosphere. 
Between the drying chamber and the delivery end is located 
a dead zone where an extract fan is positioned to extract dust 
from dry pigment before they are delivered . 
The height of I!he conveyor. band at the inlet port varies 
bebleen 2 . 0 metre and 2.1 metre for the four dryers in use at 
the sponsors '. work. 
4.1.3 The screw extruder 
This is an indirect or viscous-drag type of extruder. 
It develops extrusion pressure by viscous drag and therefore 
modifies the characteristics of the extruded product. 
The pigment is fed from a hopper through the feed throat 
into the channel of the extruder. The screw rotates in a 
barrel. Four extruder barrels are arranged in such a way as 
to giye an acceptable spread of extrudate onto the band dryer. 
They are all driven from a single motor through a speed 
r eduction gear. The back~lard thrust of the screws are abso r bed 
by a thrust bearing. 
As pigment is conveyed along the scre~l channel, it is 
simultaneously subjected to mixing and shearing . When close 
to the discharge end i. e . near the die, it is at a high pressure 
and finally it is discharged out of the die onto the conveyor 
belt. 
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4.2 DESIGN CONSTRAINTS 
Ancillary equipments such as the dryer and the filter 
press impose certain constraints on the system configuration 
and equipment design. These constraints are: 
1. Th e dryer: 
(a) The height of the conveyor belt onto which pigment is 
extruded at the inlet port is on the average (for the 
four dryers in use) about 2.0 metres . This means that 
pigment has to be raised to this level before or after 
it is extruded. It is desirable to reduce the height 
of the dryer but since other ancillary equipments used 
in the process have been manufactured to fit this height , 
this objective cannot be achieved due to the huge cost 
and long shut down time that wou ld be involved . 
Thus the new system must include a means of lifting 
the pigment to this height . 
(b) The maximum available area at the inlet port onto 
which material can be extruded is 0.60 x 0.60 metre. 
This imposes a constraint on the cross-section of the 
extrusion container to be used in the new machine. 
2. The filter-press: 
Skips are used in transporting the filter cake from the 
frames of the press to the extruder. They also serve as 
holding containers l eaving the press free for another 
pressing/filtration operation to commence. 
It would be desirable to knock dOlvn the cake directly 
into the extrusion containers if a discontinuous process 
is designed in place of the present system in order to keep 
the discontinuity to a minimum. To achieve this the 
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containers should have the ·maximum possible voll~e. 
As stated above the dryer has imposed a constraint 
on the containers' cross-section. Thus only the 
containers' hei gh t can be maximi zed. 
The optimum he ight of a container req uires that 
the daylight betvleen the fil ter frame and ground be 
increased. This cannot be done \.,ithout high loss in 
production time. A detailed analysis of this constraint 
is given in section 4.5. 
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4.3 CONCEPTUAL DESIGN 
In order to satisfy the product s pecification, the group 
originally working on this project generated many concepts, 
details of the concepts are given in(l). The decision matrix 
used in evaluating the concepts indicated that those concepts 
which are simple in appearance and in operation vlork the paste 
l ess than those concepts that have complex features . This is 
why concepts 1 and 2 ( see Fig. 4.3 ) ",ere selected. They are 
basic. The pi gment paste is pressurized and squeezed through 
die holes by the linear movement of the ram. Their main compo-
nents are in line, thus the applied extrusion forces are a lso in 
line. Hence , it is envisaged that these concepts "'ill require 
minimum development time and .will stand a good chance of success-
ful operation 'against the performance requirements. 
A 600 mm diameter ram extruder based on concepts 1 and 2 
were presented to the sponsors in July 1978 as a result of the 
constraints imposed by the band dryer width. 
~he sponsors agreed that the simplicity of the arr angement 
was an obvious and commendab l e feature. They raised three main 
points of concern: 
(i) The feed system to the ram is discontinuous and a material 
handling system has to be considered. The group explained 
that the system proposed vlill operate one hour non stop. 
(ii) That the design introduces a large pressure vessel into 
the production process vI-hose si ze v/ould involve special 
testing and insurance procedures . This was shown not to 
be the case since high pressure is only experienced tovlar ds 
the end of the extrusion stroke and the maximum extrusion 
pressure will aot exceed 4.8 HPa (see load/ displacemen t 
curve s in Chapter 3). 
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(iii) That the pigment transporting containers \~ere likely to 
be subjected to damage , not only from normal movement proce-
dures but also from occasional vigorous handling by 
machine operators. 
After the initial concept selection and presentation, the 
group went into the detailed consideration of various means of 
driving the ram. As stated above , a 600 mm diameter extrusion 
cylinder was used with an average ram speed of 15 mm/min during 
extrusion. 
The machine then being developed '''as based on concept 1 
(see Fig. 4.4) in which tvlO cylinders Here used. The top 
cylinder A is the transporting cylinder, and the fixed cylinde r 
B, is the extrusion cylinder. Cylinder A has a sliding base 
which is opened \~hen it is being located onto the extrusion 
cylinder B. 
The group went into the detail design of the extruder by 
considering mechanical drives (lead screH), hydraulic and 
Pneumatic drives. At that time a mechanical drive was favoured . 
The whole project vias n:: ' ieIVed by the author when he took 
over the project and t he work done is detailed in the next 
section. 
4.4 EXTRUDER DEThILED DESIGN 
v/hen the author took over t he proj ec t it was necessary to 
review the chosen concept by the ,previous group working on the 
project. As was mentioned in the last section (4.3) the group 
favoured a mechanical (lead screvl) for driving the ram and also 
the use of the two container sys t ems. 
When all the control and allied equi pment req uired for ~he 
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implementation of the chosen concept were conside r ed , it Vias 
found that the cost of components involved was 'at variance \·lith 
the target cost . 'l'he author then decided to consider other 
alternatives . 
The requirements of the drive mechanism then were : 
( i ) It should be able to deliver an extrusion pressure of 
21 kPa . 
(ii ) It should have a working s t roke of 2 metre . 
( iii) It should be capable of being driven fast fonla r d and 
fast return as the system demanded and shou l d operate at 
a ram speed of about 15 mm/min during extrusion . 
Before commencing the detailed design of the ne\~ plant 
i t was considered necessary to answer the follOl~ing questions: 
( i ) Was the selected concept economically sound? 
( ii ) ~Iould it be easy to manufacture and assemble? 
(iii) How reliable would the plant be? 
( iv) How easy would it be to maintain? 
(v ) Had the specification as agreed changed in anyway? 
To answer these questions , alternative schemes that 
f ulfil the basic chosen concept within the framework of the 
specification have to be considered and developed . 
4 . 4.1 ~lain drive 
Before describing the alternatives d r ives considered the 
mechanical drive favoured by the group is described. 
The scheme vIas as shOl'Tn in Fig . 4.5 , and has seven main 
operations . 
( i ) Lifting the transporting cylinder A to position . 
(ii) Aligning cylinder A .,ith the extrusion cylinder B . 
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(iii) Transferring pigment from cylinder A into cylinder B 
and compacting the pigment . 
(iv) Extruding the pigment. 
(v) Withdrawal of the piston afte r extrusion. 
(vi) Removing cylinder A. 
(vii) Lowering cylinaer A to ground level from where it is 
taken for refilling. 
The transportation, lifting, aligning and lowering 
operations are described in (1). To aid in the understanding of 
the scheme a brief description of the transporting cylinder will 
be given. This cylinder has the same diameter as the extrusion 
cylinde r B. It has a sliding base which is removed when it is 
being aligned ','li th cylinder B ready for material transfer. 
I.;hen the cylinder A and its contents have been p roperly 
aligned Hith cylinder B the fast forward/return motor (FRI-I) is 
energised to drive the piston fast forward. This action transfers 
tile material from cylinder A to bylinder B. 
This motor runs at 1440 r pm and drives the piston at a 
speed of 2300 mm/min. It is coupled to the screw driving the 
piston through a flywheel and a pneumatically actuated clutch. 
This clutch is used to d i sengage the fl y\olheel from the FRH motor 
shaft during the piston withdrawa l operation. When the piston 
has moved 1000mm and the content of cylinder A has been trans-
ferred to cylinde r B the motor is de- energised and the ene r gy 
stored in the flywheel is used in compacting the pigment. 
When the materi a l has been compacted the extrusion motor 
(EM), ~Ihich is coupled to the piston driving scre~1 through a 
triple r eduction gear box , and another pneumatically actuated 
clutch is energised to commence extrusion. The EN motor has an 
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output speed of between 5 and 20 rpm. After the comp letion of 
the extrusion operation the FRM motor is energised, but it runs 
in the opposite direction, with the flYlvheel disengaged, in 
orde r to return the piston to the cycle starting position. 
The two motors Fl\<.\j and El·l are energised through the same 
single pole double throw (SPDT) switching relay to ensure that 
the operation of the two metors are mutual l y exclusive . 
The clutches are pressure actuated fail safe . 
On the analysis of the above scheme, it was found that 
many components were involved . As Pugh stated in his paper(lO) 
, !;;implici ty of design is the key to both quality and cost'. 
Carroll and Bellinger(ll) remarked that ' Perhaps the major 
single contributor to operating reliability is simplicity ' and 
'That superior design is one which encompasses the n ecessary 
op erating and protective functions with absolute minimum number 
of components and connections!'. 
Bearing this simplicity approach in mind the author set 
out to find simpler drive alternatives . 
The first alternative that came to mind vias a hydraulic 
drive with suitable flo'l control to achieve system specification . 
The sponsors raised objection to the use of a hydraulic drive as 
they feared that leakage of hydraulic fluid into the pigment 
cannot be tolerated since this will destroy the colour strength 
and other consumer required characteristics. 
It was considered that a fluid drive would potentially be 
simpler and mo re reliable than the mechanical drive. Conside r-
ation ~Ias given to the pneumati c and lVater drive IVhich will 
have no destructive effects on the pigment. Using a standard 
pneumatic ~Iorkj.ng pressur e of 10 . 5 l>Wa , a 400 mm bore cylinder 
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will be required to deliver the 1 . 4 I~ design thrust req uired . 
This cylinder is obviously too l arge , none standard and will 
be expensive. 
The use of ~Tater as hydraulic fluid would have been feasible 
except for the high eq uipmen t cost that will be involved since 
special components will be required. 
A study of the use of hydraulic powered system in general 
r evea led that with p roper preventive maintenance scheme and by 
design, a hyd raulic oi 1 pOl·/ered system could be used \'/i thout the 
fear of oil l eakage. This re-evaluation was put to the sponsors , 
and they then agreed to the use of oil hydraulics. 
A detail description of the hydraulic drive is given in 
Chapter 6 on controls. 
The advantage of the hydraulic powered drive over the mecha-
nical i s that apart from the fe~ler f,umbers of parts required to 
achieve. the objective, the same power pack could be used to 
drive other ancillary equipment, that make up the plant. 
4.4.2 Extrusion cylinder s e lection 
By reconsidering the pros and cons of the dual cylinder 
system proposed by the author et al in their original work and 
comparing the cost and shutdo~m time that would be involved as 
discussed in section 4.3, the concept of using a single cylinder 
for both transportation and as the extrusion cylinder was 
f avoured . 
The use of a single cylinde r reduces the stroke requirement 
of the d rive by half. That meru1s a smaller diameter piston rod 
could be used in the drive as the slenderness ratio is reduced . 
The detail d e sign of the extrusion cylinde r is given in 
section 4.4.5 . 
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4.4.3 System configuration 
After an agreement was r eached on the main drive unit, and 
tile ext rusion cy linde r selected , it was the n necessary to cons i der 
\,tni t 
pombinati ons t hat would yi eld an acceptabl e wor king system . The 
configuration to be discussed here was select ed to satisfy the 
follo~ling o b j ectives . 
(i) To have minimum unit / component count . 
(ii) To allow for minimum handling of material between the 
press and the extruder. 
(iii) To allo~1 a degree of a utomation to be built into the system. 
(iv) To yield a sys tem \'Iitll high r eliability. 
(v) To yield a system that wi ll r equire minimum main tenance . 
The system as a whol e consists of t wo main sections ; the 
extrusion unit, and the f ilter cake h a ndling unit (FCHU ) witll a 
common pO~ler pack and control unit. 
The extrusion unit incorporates the extrusion frame , lifting 
mechanism, panning (movement in t he horizontal plane) , 
extrusion r am , and two extrusion cylinders. 
One extrusion c ylinder charged \"i tll pigment by the hand-
ling unit is loaded i n to t he extrusion frame a t ground l evel . 
The lifting mechanism lif ts tlle extrusion frame to a height 
10 cm ove r the inlet port of the band dryer and tlle panning 
mechanism pans the extrusion frame to a suitabl e position over 
the dryer r eady for extrusion to commence. 
4.4. 4 System l ayout 
In this pro j ect, floor area is a constraint. Essentially 
what is n eeded is that t he elements of the p lant should be 
assembled t ogether in such a way as to maximize the distance 
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between them so as to reduce unwanted couplings and to ease the 
problem of maintenance , at the same time the overall volume is 
minimiz£d and the connections betl"een elements kept as short 
as possible. Obviously these requirements are mutually incompa-
tible, and th e problem of layout design is to r econci l e the 
requirements. A Series of assembly drawings of the system elements 
were prepared. Different layouts made from the drawings I\'ere 
tried until a suitable a rra ngement I"as found. The layout 
obtained is such that the whole assembly could fit into the 
available volume while the required spacing around the eleme nts 
is main taine d. 
Figure 4.6 shows ~le final general l ayout of the plant. A 
factor that .Tas much in mind during the layout design is repair 
and maintena nce. It was ensur ed that ample room is available 
for elements removal and replacement 1011 th minimum of distur-
bance of other elements. 
4.4.5 Extruder component sel ection and design 
Concurrently with the latter stages of the system layout 
process, thought ~las turned to the components of the complete 
extrusion plant. 
As ennumerated in sub-section 4.5.3 the extrusion machine 
consists of a number of sub-systems . The sLID-system numbers 
r e fer to part numbers shown in Fig. 4.6. 
1. Main Povler Source . 
2. Extrusion Frame 
3. 11ain Structure 
4. Lifting Hechanism 
5. Panning Mechanism 
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6 . Extrus ion Ram A/Pi ston B 
7. Extrusion Cylinder 
8. Contro l System 
9. Filter Cake Handling Uni t . 
The choice between alternative sub- systems depends on a 
number of considerations. The decision tree Fig . 4.7 provides 
a good method of control and r ecords all arguments for future 
reference. The decision tree design approach \'Ias postulated 
by Mar ples (1 2) as a generalised model of the design process in 
which each so lution will give rise to a series of subsidiary 
problems , each of ~lh ich has, usually mo re than one sol u tion . 
'l'he star ting point of the table corresponds to the initia l 
formulation, followed by the proposed solution s to the r e sult-
ing second rank of prob l ems and so on . A comp lete design r es ults 
from paths through the tree subject to the following rules: 
( a ) \vhen a number of a lternat ive. solutions are p r esented, any 
one may be accepted and the rest rejected . 
(b) All of the proble ms dependent on the choice of a particular 
alternative so lu tion must be solved. 
(c) A particu l ar branch of the tree must be fo llovled until a 
soluti on is reached which does not have a dependent problem. 
Provided that this s olution is the preferred one at this 
po in t, then t he branch terminates . 
The sub-systems that make up the p lant were investigated 
u s i ng b l ock schematic diagrams . It wil l be appreciated that none 
of tilese sub- systems is completely independent. 
Each of these sub- systems will be described, and the 
distinction made between alternative. sub-systems outlined, 
for example , alternative extrusion frame. 
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The main power source and e1e control system are described 
in Chapter 6 . The r easons behind the selection of t he main 
power source has already been given in section 4 . 5 .1. 
pugh(13) advocated the use of the " load lines" approach t o 
deta il des i g n of mechanical components . This app roach, ,.,.hen 
applied, not only yie l ds simple and cost e ffe ctive c omponent s 
which forms a complete system but also makes the choice bet ween 
block schematic diagram of alte rnative sys t em5easie r and their 
load a nalysis simpler. 
The extrusion f r ame i s a component of the p l ant into 
~lhich an extrusi on cylinder is loaded and it i s in this frame 
that ex trus i on t akes p lace. The ext ru s i on frame can e ither be 
an integral part of the mai n structure as p r oposed i n (l) o r 
separate from it . An el>.trusion frame separate from the mail1 
structure was chosen . This will allo" some fl exibility in its 
design . It will a lso keep the extrusion forces away from the 
structure. This gives rise to the ques tion of I.,.hether to ha.ve 
it fixed to the main structure or movabl e . A movab l e extrusion 
frame has been chosen . This e n ab l es loading of the extrusion 
cylinde r to be done at ground l evel whe r e the operator can 
ea s ily correct any misalignment of the extru s ion cylinder and 
the piston when bein g l oaded . The frame can the n be lifted to 
the height wher e it wi ll extrude onto the band of the dryer. 
It was also dec ided tha t the extrusion ram (6A) which 
drives the p i ston ( 6B ) will hav e to be mounted directly on the 
extrusion fr ame . 'rhis a rrangement will a llow the p i ston to 
b e permanently a ligned with the extrus i on frame during manu-
f acture/assembly . 
Having selected the type of extrusion frame it vlas now l eft 
- 69 -
to decide on its structure . Four possible structures were 
considered (see Fig. 4. 8) . 
structure (1) is a T- slot frame into which a square top 
flanged cyl inder ~Iill be loaded. This arrangement has a simple 
and light structure for the extrusion frame but has the dis-
advantage that the whole extrusion force will have to be borne 
by the cylinder flange. Thus each extrusion cylinder will have 
to be designed to withstand the extrusion load . The alignment 
of the cylinder wi ll depe nd on the flange. 
Structure (2) is also a T-slot frame but it supports t he 
cylinder at its bottom. This has ·the disadvantage that each 
cylinder b o ttom has to be structured to be able to ~Iithstand the 
extrusion force and its bending effect . 
Structure (3) is a boxed frame opened on two apposite ends 
through which the extrusion cylinder is loaded. It has the 
advantage that the extrusion load is di stributed within the 
frame. The cylinder bears only the circumferential stress that 
might arise due to extrusi·on pressure \~ithin it . The bottom 
of the cylinder can thus be light. Al ignment of the cylinde r 
in the frame is eas i er since it is gui ded on two si de s. The 
alignment can be built in during the fabrication of the frame . 
This struoture has the disadvantage that clearance holes 
have to be provided on the bottom part of the frame through 
which extrudate from the die holes on the cylinde r can pass 
without inte rference . This vlill increase the depth of the 
structure at this part of ~~e frame . 
Structure (4) consists of two plates , top and bottom plates 
connected together by four tie rods. 
This structure i s light and eas i e.1=" to manufacture. It has 
. 
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, 
I 
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the disadvan tage of structure 3 but it is not as rugge d, 
Alignment of cylinder with the piston will be more difficult. 
Structure 3 'vas selected for the frame due to the advan-
tages mentioned above and from aesthetic pOint of view. 
The choice of the type of main structure to use is based 
on the constraints imposed by the dryer layout, its height and 
space availability. A two column L shape mast sliding on a 
rectangular horizontal base Fig. 4.9, was chosen. This a rrange-
ment yielded a more space saving scheme and is more aestheti-
cally p l easing . The extrusion frame runs on the up - right part 
of the L shape mast "hile the lower part of the mast runs on 
the base, thus e nabl ing the extrusion frame to move both in 
~~e vertical and horizontal planes. The single column L shape 
mast with a suitable base could be used but this will have less 
stability compared with the two column mast . Also, lifting 
arrangement for the extrusion frame ~lill be more complex. 
The choice of other sub- systems, the lifting mechanism, 
.panning mechanism , extrusio:1 ram were based on the main power 
an 
source which is hydraulic. They all havej hyd r aulic ram ... as 
actuator 
The lifting mechanism consists of a lifting ram(4), 
lifting chainfll) and lifting shackle(12) . The ram has a 
clevis mounting head attached to cross beam (s ee Fig . 4 . 6) . 
The chain is fixed at one end to a lower cross brace on the 
mast . It is passed over the lifting shackl e carried on the 
end of the lifting ram. The other end of the chain is fixed 
to a lifting tab(Fig. 4.11) on the extrusion frame. This 
arrangement has the advantage of putting the lifting ram rod 
in tension only, and gives a lift t"ice the stroke of the ram . 
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The panning ram provides moveme nt of the must (thus the 
extrusion frame it carries) in the horizontal p l ain . The pan-
ning ram head is bolted to the mast bottom beam and the rod 
end bolted to the base frame. 
The extrusion cylinder (7) (see also Fig. 4.10) is open at 
one end and closed at the other. Extrusion holes are provided 
on the closed end. Four ball transfer units are also provided 
on the closed end to enable the transportation of the cylinder 
between the extrusion frame and the filter cake handling unit 
(see section 4 . 6) where it is filled with p i gment . The boss of 
these ball transfer units also acts as dowel in holes provided 
On t.he bottom plate of the extrusion frame . '£his helps in 
aligning the cylinder I'lith the piston when the frame is li fted . 
h fuller explanation is given in Chapter 5. 
The extrusion frame is provided ,~ith eight guide r ollers, 
four on each fin (see Fig. 4.11 ) , These rollers 
guide the frame along tracks on the upright column of the mast. 
The lower part of the mast is a framework of angle iron 
facing imlards on which four roller beari ngs tl'lO on each side , 
are mounted . The base frame is provided with a track on which 
the roller bearings run. (See Fig . 4.9). 
tlo,,-
l"ihen extrusion frame is 10l'lered to ground l evel "lhere 
A 
cylinder loading and off loading takes place , the 'ball t:::ansfer 
units are ejected out of their boss by ejector pegs as illustrated 
in Fig . 4 .1 2. 
4 . 5 FILTER CAKE HANDLING UNIT (FCl-iU) DESIGN 
The extrusion plant incorporates a filter cake handling 
unit (FCHU) which enables p igment to be transferred between the 
filter press and the extrusion/drying station. 
r 
, 
_. 
9b 
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With the screw extr uder in use , f ilter cake i s normally 
transferred in skips whi ch a re 910 -mm long x 660 mm wi de x 580 mm 
deep. The skips are made from stainless steel sheets framed 
with angle iron a t corners. They are s upported on f our swivel 
castors which a llow easy mani pu l ation of the skips . 
To fill the skips a t the filter p r ess a funnel with a 
receptor area of 1. 27 sq . metre is fitt ed on the sk i p opening . 
The skip is then placed unde r the f ilter press p l ate p a ck where 
filt e r cakes a r e knocked int o t hem. 
The major colours vlhich a r e graded as "fired" or "unfired" 
are each all ocated six sk ips . These skips also serve as holding 
- bins for the pigment such tha t the oper at ion of the filter p r ess 
is independent of the ext rusion or d r ying ra t e . The sk i ps are 
transfe rred from the p r ess to the ex trus i o n/drying station vl ith 
the aid of fork lifts. 
During the design o f the new extrusion plant various schemes 
of h a ndling the pigment we re consider ed and are d i scussed be l ow . 
SCHEME ' A ' 
In this scheme the extrusion cylinde r serves as the trans-
porting container. A pair of cy l inders are clamped t ogether 
onto a transporting bogie (Fig. 4. 13). Once the cylinde rs have 
been filled with pigmen~ they \~il l be transported to the extru-
s ion/drying sta tion vlith the aid of pallet trucks . A cylinde r 
c an the n be loaded by sliding i t into t he extrusion frame. 
During filling at the filter press , a suitably des i gned 
funn e l is fitted over the opening of the clamped cylinders . 
They are then p l aced under t he press whe r e pigment is d ropped 
i nto t hem . - The funne l would have the same receptor area as the 
one currently used but has an area utilizat ion of approximately 
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(100 x n/4) percent , using the current funnel as a datum . 
The reduction in area utili zation wi ll not affec t the 
r:eception of the pi gment droppin g into the cylinders since the 
pigment falls to a great ext en t in large lumps. 
By us ing a pair of cylinders 600 mm diame t e r and 1000 mm 
deep , a total vo lume of 465 li tres V/i ll be accommodat ed as compared 
to 34 8 litres with t he present skips . 
This scheme Idll require tha t the filter presses be r aised 
to achi eve a daylight of about 1 300 mm betl-/een the bottom o f the 
plate pack and the ground , in order that the cylinders could go 
unde r t he pr ess . Thi s i s a disadvantage as the who l e process 
plant I~oul d have to be shut down to carry out this a lteration. 
Also a tota l of e i ght cylinders and four bogies would be r eq uired 
per extrusion p lant. 
SCH EME ' B' 
To avoi d the n ecessity of r a i s iag the filte r press as 
r equired by Scheme ' A', shorter cy lindE: r s of about 550 mm in 
depth coul d be us ed . 
This a l ternative scheme will req uire 13 cylinders to ho l d 
a comp l ete p r ess load o f p i gment. Thus there are 13 cy linder s 
per colour group . This ~,ill obvi ous ly increase t he cos t of eac h 
plant. 
Th e cylinder s are subj ected to wear and tear during us e and 
~'i 11 r equire occasiona l r ep l acement . 
The number of machine operations required to process a 
batch of pi gment would be i ncreased from 8 to --13 which is 62 . 5% 
increase in the wear and tear of the extrusion machine . 
The scheme ha s the advantage that a shorter extrusion 
frame can be used , thus a cheaper frame . 
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SCHlli"JE I C I 
With this scheme only two 780 mm deep s t a inle s s s t ee l 
cylinders are used . Pigment wil l stil l be l oaded into the present 
skips at the press and wi ll l ater be transferred into the extru-
sion cylinder at the extrusion/dr ying station . 
This scheme r educes t he number of cylinders required to two, 
and does not require any modification to the fi lte r p ress. 
The d i sadvantage of t his scheme is that it requires a spe c ial 
handling unit which Hi ll handle t he transfer of pigment from 
the skips into the extrusion c ylinder . 
On evaluation of the above schemes , Scheme C was chosen and 
a filter cake hand ling uni t ~Ias designed as a corporate part of 
the extrusion plant . The handling un it is described in sectior. 
4 . 5.1. 
4.5.1 Basic funct i onal description of the filter cake 
handling unit (FCHU) 
The filter c ake handling unit Fig. 4.14 consists of the 
cradle(l), hopper ( 2), s li ding table(3), tipping r am ( 4 ) and 
supporting structure (5). The part numbe rs r efe r to parts shOl-ln 
i~ Fig. 4 .14. 
Cradle : The crad l e (l) is pivoted to the supporting structure 
using two pillow blocks(6). A skip filled 'l1i th p igment at the 
filt e r p r es s is loaded into the crad l e and the cradle i s the n 
tipped by th e tipping ram(4) so tha t the pigment contained in the 
s ki p drops into a n ext rus i on cylinder placed under the hopper( 2 ). 
The cradle is designed in s uch a manner as to r etain the 
skip during tipping operation. 
Hopper: The hopper(2lis s imply used to direct the material frorr. 
the cradle into the cylinder placed under it. 
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?liding tab le(3)IS used in manipulatDlg the extrusion cylinders 
into position. It has four single flanged rail whe els that run 
on the lip of the angle iron which forms the base of the support-
ing structure . It move s back and forth along the longitudinal 
axis of the ha n d ling unit. The movement of the table is achieved 
with the aid of the longitudinal positioning Ram(7). The table 
has two catches(8 ) mounted on one of its turned-up lips. The 
catches are used to hold a cylinder in place during one of the 
cylinder manipulation sequences . 
'ripping Ram : The tipping ram(4) is mounted on the supporting 
structure . Th e top of the piston carries a female eye which 
i ·z pivote d onto clevis bracket on the back of the cradle. The 
tipping ram provides the me ans for tipping the cradle. The ram 
is powered hydraulically through a directiona l control valve . 
Also a flow control valve is included in the feed line to control 
the tipping rate. 
Longitudinal l o ading ram : The longitudinal loading ram(7 ) is 
used to impart movement onto the sliding table along the longi-
tudinal axis of the FCHU. The ram has a rectangular flanged 
cap vihich is fixed to the support(S) and the piston pivot mounted 
onto sliding table. It ha s directional control valve and a flow 
control valve in its feed line. 
Transve rse l oa ding r am : Th e trans verse loading ram(lO) Fig.4.6 
~ +~~ 
is used in pushing empty cylinder out of and pulling charge d 
A ~ 
cylinder into the extrusion frame . It has a recta ng ular flang ed 
head . It is mounted to a b racket attached to the extrusion fr ame . 
A rect an g ul a r p l ate" p u s h plate" (see Fig. S . Sb) is mounted on 
the en d of t he r am; r od . '1'''0 sole noid actua ted plungers (Pull 
sole no i ds ) used i n pulling cylinder into th e frame a r e mo unted 
on t h e pus h p l a t e (Fig . S. 5b). 
5.1 EXTRUDER 
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CHAPTER 5 
PLANT OPERATTON 
The o peration of the e xtruder is controlled by a progranr 
mable seque n ce controller as descri bed in Chapter 6 . 
During ope r ati on , the machine is al\-,ays in one of the 
' following states. 
(1) Tdle. 
(2) Performing piston wi thdr awal after extrusion. 
(3) Panning the extrusion frame out of the dryer . 
( 4) LO~lering the frame to g round l evel . 
( 5) Wait ing fo r empty cylinder to be off- l oaded a nd full 
cylinder loaded in by the handling unit. 
(6) Inserting the extrusion piston into the n ewly loaded 
extrusion cylinder . 
(7) Lift the extrusion fralT,e and the new c ylinder up to the 
dryi ng port. 
(8) Pan the frame over t he dryer . 
(9) Compact the p igme nt in th e c y linder. 
(10) Extnlde the p igment onto the dryer conveyor b e lt. 
Idle 
During the idle state the controller che cks whether the 
system is r eady , if not, it issues an alarm call. At the same 
time it indicates on the indication panel that the operator 
should load a new skip into the cradle. Once the system is 
ready) the handling system tips the pigment from the skip in to 
the extru sion cylinde r p laced under the · hopper. The handling 
unit under the control of the system sequence controller mani-
pulates the charged cylinder to the \vaiting bay. See detailed 
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description of handling unit operation in next section. 
Piston withdrawa l 
If a charged cylinder is ready in the waiting bay, the 
extrus ion piston is withdrawn from the cylinder currently in 
the extrusion frame. Alterna t.i v,.= ly the controller issues an 
alarm call and indic0. t es t he system status on the control panel. 
Panning out 
The extrusion frame is panned out of the dryer ready to 
be 10\~ered. 
LoHering the frame 
The fr ame is lowered to ground l evel and the piston is 
completely Hithdrawn from the cylinder. 
Wait 
During this state the transverse loading ram of the handling 
unit pushes the empty cylinder out of the frame onto t he loading 
table of the handling unit. The handling unit then moves this 
cylinder under tl\e hopper and a t t he same t ime aligns the 
charged cylinder in the ~lai ting Day (sce Fig . 5.6 a and b) ~li th 
the extrusion frame. The transve.rse loading ram then pulls 
the charged cylinder into extrusion frame. 
Piston insertion 
\'/hen a charged cylinder is properly located in the extrusion 
frame the ~:trus ion piston descends into the cylinder under 
the control of the sequence co~troller. Once a successful entry 
is achieved the transverse loading r.am is fully retracted. 
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Lifting of e xtrusion frame 
'I'he extrusion frame is l ifted upto to the dryer inlet 
port (see Fig. 5.2). 
Panning in 
The frame is panned in such that it is over the dryer. 
See Fig . 5.1. 
Compactinq 
When the frame is properly positioned over the dryer, 
compaction of the pigment is done as the piston descends into 
the cylinder until the pigment extrusion density is r eached . 
At this point the controller issues an alarm call and at the 
same time indicates on the indicator panel that a new skip is 
required . 
Extrusion 
Extrusion commences as soon as the material is fully 
compacted . The rate of extrusion is set such that a uniform 
band depth can be maintained. 
Extrudate from the cy linder comes out of the 16 die holes 
on the bottom of the cylinder onto the band dryer through the 
clearance holes made on the bottom plate of the extrusion 
frame . 
5.2 FILTEH CAKE HANDLING UNIT (FCHU) OPERATION 
The operation of this unit is also controlled by the 
system controller. 
During operation the unit is always in one of the follow-
ing states: 
(1) Preforming a cylinder charging cycle. 
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( 2 ) Performing a cylinde r manipulation cycle. 
( 3) Wait. 
( 4) Performing a cylinder ejection cycle. 
( 5) Performing a cylinder ali gnment cycle. 
(6) Performing a cylinder loading cycle . 
( 7 ) Idle . 
1. Cylinder Charging 
During this cycle the pigment in t he skip loaded into the 
cradle is tipped into a cylinder which i s pos itioned under the 
hoppe r , Fig . 5.3 . Sk i p filled with pigmen t is normally loaded 
into the cradle -when the contro l le r requests for it. This 
is just before the FCI-IU e nters the idl e state. Aft e r the set 
pigment dropping time on the controller, the cradle -is lowered . 
2. Cylinder manipul ation 
When a cylinder has been charged as described above, it 
is moved to the waiting bay . This is done in three s teps . 
step 1 . The sliding t ab le is a ctuated such that it uses one 
of its turned up lips in pushing the cylinder until it is 
aligned \~ith the extrusion frame (Fig . 5.5a)· 
Step 2 . The cylinde r is locked in position by two lock sole -
noids , while the table is actuated such that it slides under 
the cylinde r without the cylinder moving . l'his is achieved with 
the aid of the f our ba ll transfer Units on the base of the 
cylinder (Fi g . 4. 9). The table continues to slide until the 
catches on the oppos ite lip of the tab le latch 
cylinder (Fig. 5.5b) . 
unde r the 
St ep 3. With the catches latched under t he cylinder in Step 2 
the table is actuated s uch that it moves the cylinder to the 
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\~aiting bay (Fig . 5.5c). 
3 . \~ait 
On the completion of the cylinder manipulation sequence 
in s t ep 3 , the handling unit waits for the extrusion machine to 
\d thdraw its pis ton from the extrusion cylinder , pans out the 
extrusion frame and 10~lers it. 
4 . Cylinde r ejection 
After the extrusion machine has l~vered its extrusion 
frame the transverse l oading ram(I O) Fig . 4.6 i s actuated such 
that it pushes the empty cylinder in the frane onto the hand-
ling unit' s sliding table (Fig . 5.6a) . 
5 . Cy l inder alignme nt 
During this cycle , the charged cyliader which wa s in t he 
+~a", .. 
waiting bay is aligned with the extrusioTl"and the empty cylinder 
positioned unde r the hopper re ady for the next cycle (Fig. 5. 6b). 
6 . Loading 
When the charged cylinder has been aligned \" ith the extru-
sion frame , it is then pulled into th'e frame by the transverse 
l oading ram. The loading is achieved by actuating the pull 
solenoid carried on the push plate of the ram. 
7. Idle 
\"hen the char ged cylinder has been l oaded into the frame 
the hand ling unit enters an idle s tate, waiting for the extru-
sion machine to complete another extrus ion c ycl e . 
- 90 -
FIG 5- 4 
11 j Plan view showing n extrusion c i!lnder 
, 
under hO[;:Qe r ~ 
t 1+ , 
r 
htE' iR~r - . ~ I ;tt I I 
=' 
L± ... 
I I 
I 
I 
, / 
~ , I I , 
liff 
- - ~ 
~ I I 
I I ~ 
M 
" 
""-' It;U 
FIG 5-- 5a 
, t C yl ;nder maniQ.lJllltion 
segu~nce "(1) 
r 
h-f' I 
-
.rr~ 
L , 
+ • 
I 
I / 
:ID 
U , ! 
, i 
I , , lfl 
-1 9 - - I Jj,j 
]I • .~ ./ ! I 
r ~I I I 
- 91 -
I Pllsh_p~ n m ft /PlIIl solemid 
FIG 5-5 b 
- !!if' 
Cl linder rranieulation 
r1 Ii' I 
I seguence (2 ) 
~ .1 
-i- I ~tl  1-- - ---~ I 
l r-
jj I±. 
, 
Lock SO!enOid~ 
/ "-
Cdtch t:J ~ 
,f I I 'f I I 11 -
, - f-
'(T- .li!J -~ ~ ~ I 
, I ~ 
n r n FIG 5- 5s:_ 
, 
l<!J ~ Cl li nder manipuilltion i+ 
I seguence PL 
r 1= I -~-~ , - -~ 
I, I - f=" I 
l;;; ~ 
I / 
~ IU , 
--r hr - -- I-t-- - f-I" <> }1l In 
r 
""", 
- 92 -
--
n f'I .J1 , FIG 5-6a I 
1 It 
Cyinder e jection_ 
r , 
,(. 1, 1 _ i 
.r 'It... I 
L 
bi; ~ 
Transvers Loading Ram _____ f- t-- r---- V I / 
I~ \II~ ~ 1 , I cYI ~d~r . ij.~~1; r' I 
" ~ i (ili~ . ~Y~i~r" ;,00:; fl - !./ 
--
i ~ 
I-'- f[:, l: .~ I I 
FI G 5- Gb 
- -- , 
~ , Cylinder alignment. . , 
and loadlQSL 
.t<' 
I1 
h. I1 
- . - I - -~ 'l( I' , 
F 
,I • + 
, 
* / - -
I~/ ~ ~ , I '" , c:;> I , - • , , , \~I _ _ ~_' lm 
-- - - -- --
~\ ~ . -,: fJI:t 1~ I / I .. - - .--
I ~ 
6.1 SYSTEl1 REQUIREMEN'l'S 
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CHl\PTER 6 
CONTROL 
The ex trusion plant has b een des i gned to extrude pigment 
conta ined in a cylinder onto a band d ryer in a spaghetti like 
form at a constant set rate . To perform the above task , the 
machine must fulfil the following r equirements: 
(a) Hold or contain the cylinder from which the pigment is 
bei :1g extruded . 
(b ) Endowed with s ufficie nt pO\~er to enable the piston to force 
the pigme nt through the 16, 7nun diameter ho les at the 
bottom of the cylinder. 
(c) Capable of disp lacing the piston relative to the cylinder 
at a constant rate to mainta in constant delivery onto 
the belt of band dryer. The displacement must be controlled 
vlith a degree of precision Hhich v,ill e nsure uniform depth 
of pigment on the belt. 
In addition to the main f uncti<!lns mentioned above, the 
machine must have provisions for pe rforming ancillary functions 
such as loading the cylinde r charged \vith pigme nt into the 
extrusion frame, lifting and lowering t he extrusion frame onto 
the band dryer, 10He ring the piston into the cylinder, compact-
ing the material at a fas~ piston speed, altering the piston 
speed to the extrusion rate as soon as the pigment is compacted. 
A hydraulic pOHer pack is used to drive the machine. 
The sequence of operation is controlled by a programmable 
seque nce controlle r described in section 6.3. 
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6.2 HYDRl,ULIC CONTROL 
The hydraulic circuit Fig. 6.1 is designed to accommoda te 
the system drive requirements. It uses a tilndem g e ar pump unit. 
The pump unit is continuously driven at cons tant speed. Thus , 
constant volume of fluid is delivered at constant pressure. 
Flow to various rams in the system are c;ontrolled by means of 
fl(JIol regulating valves in accordance with system demand. The 
unit can be switched off when there is no system demand. 
As it is desired to have a compact power pack it viaS 
necessary to drive the pump unit at the highest speed possible 
which must be consistent with reliable performance. This do e s , 
however, increase fluid heating problems and may also tend to 
promote cavitation in the pumps. To minimize this adve rse 
effect the fluid tank is sized to effectively dissipate the 
system heat . 
The basic control elements vlhich are involved in the 
hydraulic control system are shown in Fig. 6 .1. 
As the system is inherently a dual pressure system the 
pump unit is made up of hlo pumps; the high pressure (210 bar) , 
low volume (2 t/min) pump and the low pressure (70 bar) high 
volume (20 t/min ) pump . The lov] press ure, pump has to be unloaded, 
that is, tne output diverted back to the reservoir at as lov] a 
pressure as possible when only the high pressur e low volume pump 
is required. 
It is normally preferable to let the pump idle rather 
than to stop the driving motor , unless the demand is very 
infrequent. 
6. 2 .1 Unloading valve 
A self-contained unloading va lve CV9 is arra n ged to open 
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as soon as the maximum set pressure is reached . The valve is 
similar to a r e lief valve . In addition to the normal pilot 
relief valves it has a plunger which is acted upon by the system 
pressure and forces the pilot valve off its seat when the 
required pre ssure is reached. This brings the pilot p ressure 
to zero and so opens the main valve fully. A check valve V06 
is essential to retain the system pressure whilst the pump is 
fully unloaded. 
An a lternative to this pilot unloading valve is the use 
of a solenoid operated unloading valve I'Ihich can be controlled 
according to system demand. 
It may be necessary to maintain pilot pressure continu-
ously with the small pump whi l st unloading the low pressure/ 
high volume pump when it is not r equi red. This can be arranged 
effectively by having t\w r elief valves in series Fig. 6 . 2. 
One of the valves i s set at a pressure sufficient fo r the pilot 
circuit and the other is set at the maximum worki ng pressure. 
\'/hen the system demand ceases completely the main relief valve 
opens and discharges through the low pressure relief valve . 
This pressure is then appHed to the unloading valve of the 
low pressure pump while the high pressure pump keeps the system 
pressurized . A permanent l eak- off ensures that the pressure 
on the unload ing valve falls quickly as soon as the relief 
valve ceases to d i scharge . 
FIG. 6.2 
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6.2.2 Directional control valves 
Each r am is supp li ed through one or more ·directional 
v a lve , which is the control element for directing pressure to 
the app ropriate side of the r am . These directional control 
v a lves are solenoid operated, t~IO position , spring centred 
spool valves . Where check valves a r e connected to r ams, the 
directi onal control v a lve provides a vent to tank in the 'off' 
a r e 
pos ition , othe rwise they/close- centred in the 'off ' position . 
The only except ion is the directi on control val v e on the 
longitudinal loading r am which is 'vented off ' in the ' off' 
position. This i s to allow for self correction of small mis-
alignment during extrusion cylinder loading. 
6 .2.3 Pressure reducing valves 
In order t o prevent excess force bein g app li ed to the 
ext rusion cyli nder during cy linder manipulation and l oading , 
the fe ed line to the loading rams is provided '"i th a pressure 
reducing valve CV03. This p r essure reducing valve reduces the 
outlet pressure to a p redete ~~ined proportion of the inlet 
pressure (syst~m pressure). This p r essure is then fed to the 
loading r ams . Thus a llowing the system to stall without damage 
to any component. 
Also the t ank line of the extrusion ram is provided \·,ith 
a pressure r educing valve CV02 . During the seque nce in vlhich 
the piston enters the cylinder after the cylinder has just been 
loaded into the extrusion f r ame , system press ure is applied 
to the inlet port of the reducing valve and its outlet pressure 
of about 6 bar is applied to b oth the full bore ~~d annular 
sides of the ex trusion ram. This enables the piston to drop 
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under its own weight into the cylinder with the pressure from 
the relief valve used to maintain mo tion and to overcome friction 
that might be encountered during cylinder entry . This entry 
-;-, 
sequence operate s on a regenerative principle in which the fluid 
supplied from the pu'mp and the fluid displaced from the 
annular side of the extrusion ram are fed into the full bore 
side of the ram . 
6 . 2 . 4 Ram speed control 
Additional elements are emp loyed to control the speed 
of movement of the rams. They are basically metering valve 
CV01 , CV04 , CV05 , CV06 and CV07 , Fig . 6.1. They are all 
adjus table flOyl control valves . They are install ed on both 
side lines following the directional control valves . By arra n-
ging the integral check valves in the flovl control as shown in 
Fig . 6 . 1 , they are essentially metering out devices. This 
type of speed control suffers from relatively high energy losses 
and high fluid heating since the pump is ope rating at maximum 
pressure all the time and excess flow is discharged ~l rough 
the relief valve. This type of losses can be minimized by 
adopting a bleed- off speed control , Fig . 6.3 o r the bypass 
speed control, Fig . 6 . 4. 
In the bleed- off circuit the throttle valve is located 
i n the feed line to the ram bypassing to the tank . The valve 
is operative only when the feed line is under pressure . All 
the throttling losses are linked to this bleed floYI and pump 
pressure automatically adjust to load. The main disadvantage 
of this type of -flow control is that it is indirect and \-lill 
vary if ~le pump del ivery varies ",ith the load. 
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The bypass speed control is commonly preferred where 
losses are to be minimized . A restrictor is used to monitor 
the f l o,/ rate and the pressure drop across -the restrictor is 
used to adjust the bypass flow according l y. This gives the 
same positive speed control as a meter-in or meter-out circuit. 
Both the bleed-off and bypass circuit are basically meter-
in system. They would have no effect on ram speed if connected 
to the exhaust line from the cylinder. 
The speed control system of the plant was assessed on 
merit, simplicity and cost. Since cost and simplicity were 
the dominant design criteria, simple meter- out circuit were 
used on all the rams. 
-
w 
r31(;~cJ-off speed control 
FIG. 6.3 
L'J 
BY-'pass speed contro l-
FIG. 6.4 
LU 
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6 . 2.5 Extrusion ram speed control 
The speed control of the extrusion ram is the most 
cri tical in the system and its design is based on the same 
meter-out principles as for the other rams . Speed control is 
achieved with two flow control valves FC-l and FC - 2 , Fig.6.1 
These valves are built ~lith tempe rature and pressure compen-
sation to prevent change in preset values even if oil pressure 
and temperature changes . 
For safety purposes the flow rates can be set and locked 
using set scre~lS and accic.ental adjustment prevented using 
lock keys . 
These flow control valves with the b~o miniature solenoid 
val ves are arranged in a manner such that three fonTard speeds 
are obtainable; slow fon~ard, very slow fon~ard and rapid 
forward . There is also a rapid return speed . The slO\~ fonlard 
speed is u sed during pigment compaction after cylinder entry 
wi th the extrusion frame panned onto the dryer. The very S10~1 
forward speed is set for extrusion. During extrusion a very 
slow speed is required in order to maintain uniform pigment 
depth on the band dryer . The fast forward i s included as a 
feature of the design to enable the p is ton to be lm'lered at 
a speed very much faster than the previous speed settings for 
use during installation and maintenance . The rapid return 
is used during piston withdral'lal to r educe the time between 
extrusion cylinder change to a minimum. 
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~.2 . 6 COMPACTI ON TO EXTRUSION SPEED CHANGEOVER 
The theoretical th r ust deve l oped by the cylinder shmvn 
in Fig. 6.5 is given by : 
F = Pe A ..... .... (1) 
where Pe is the effecti.ve applied pressure and A is the 
effe ctive piston area . 
In Fig. 6.5, 
Q3 = Q4 - Q1 
Q2 = MQ Al 1 
Q3 = Qf Al - A2 Q2 
Q2 stands f or floVl at point 2 . 
If Q3 ;l 0 
Then PI = ·constant since ~le reli e f valve RLV will not 
relieve at a pressure lower than the set pressure . 
If ~Pl and ~P2 are th e press~re drops in the input and 
output lines respectively, t hen the e ffe ctive pressure Pe is 
given by: 
Pe = ............ .... . (2 ) 
Vlhere P i s the system pr essure set at the pump . Al is the 
ram full bore area and A2 is the annulus area . 
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= P - PI 
6P2 = P2 - 0 us ing gauge pressure . 
s ubstituting in equation 2: 
Pe = 
= 
P - p + PI - A2 p AT 2 
With a pressure compensated f low control valve installed as a 
meter-out system , the i nlet and outle t theoretical flow rates 
are equal and constant. Thus the' inlet pressure drop must be 
constant. Thus, 
Pe = F A = 
F = PI Al A2 P2 ( 3 ) 
Since PI = P - PI is a cons.tant and P is assumed constant 
PI must be constant , 
t hus we c an say that P 2 is a function of the load F . 
For a particular speed setting illld due to the pressure 
compensating characteristic of the flow control valve the 
thrust F on the fall bore side of the ram will r emain constant 
independent of load, but the actual load on the cylinder mi ght 
vary as shO\m in Fig. 6.6. 
-CYLINDER THRUST P 
PISTON TRAVEL 
FIG. 6.6 
/ 
/ 
STALL 
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Equation 3 represents condition where the load ' is zero. 
With a load L introduce to the ram , the force equation becomes: 
F = .... ..... ( 4) 
Since the cylinder thrust F , the Pressure Pl the Area Al and 
A2 are constants then P2 must vary in such a manner that 
A2P2 + L = constant . 
Thus , the changeover pOint betvleen compaction and extru-
sion is obtained by monitoring P2 , using a pressure switch . 
This is the basis on Ivhich the plant changeover control is 
des iqned. 
6.2 . 7 Countcr~balancinq 
In order to prevent the piston against gravitation fall 
when it is Ivithdrawn from the cylinder , a counter balanc.i.ng 
\ 
va l v:e V02, Fig . 6 .1 is connected to the annular side of the 
extrusion ram . The use of a pilot operated check valve alone 
would introduce the danger of cavitation i n that the annulus 
fluid would tend to separate from the ram piston at the commence-
ment of a downvlard stroke . A schematic diagram of the counter 
balancing valve is shown in Fig . 6 . 7 . It basically consists 
of a pilot operated relief va l ve D and a plain check valve E 
in parallel with the relief valve . The relief valve is set to 
relieve at a pressure vlhich wi 11 just baJ.ance the vleight of 
t he extrusion ram rod weight and the piston weight . Its pilot 
may be connected to the annulus or full bore side of the 
cylinder . 
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6 . 2.8 14anufact ure 
As the hydr aulic pack is to be a bough t out it cm , a 
guide specifi ca tion \~as prepared (Appendix E) to e nab l e 
quotation to be obtained from suppliers . The specification 
cove rs all the essential requirements of the hydraulic system 
required for the plant . 
6.3 SEQUENCE CON TROL 
Sequentia l c ontrol of the plant i s achieved by sVli tchi:tg 
components (solenoid operated directional control va lves ). 
The plant i s des igned t o operate as an a utomati c transfe r 
machine going through it s step advance sequence without ope-
rators att ention. Seq uence control of this nature can be any 
of the follOl~ing : 
(1) A c onve ntional hardwired logic control system i. e . based 
on e l e ctro - magnetic or c ont actless r e lays . 
( 2) l'Iechanical systems vlith cam shafts and drums . 
(3) l'Iicro computer. 
(4 ) Programmable sequence controlle r. 
To realis e hardvlired logic control req uires a great. deal 
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of design , manufacture and adjustment time since each component 
satisfies a sing l e purpose . Also if specifications are changed 
or capabilities are expanded, harduare composed of assembled 
units such as used in wired logic can cause a lot of trouble. 
With these considerations in mind the control require-
ments to be met were specified as follows: 
(1) The controller has to be programmable with the program 
capable of being changed easily . 
( 2) Reliability must be better than that of a relay control 
board. 
(3) The controller must be smaller in size than a relay 
control board . 
(4) Cost must be competitive ",ith those of wired logic 
control board . 
(5) Basic unit must be capable of easy eA~ansion. 
( 6) Must be easy to maintain and repair. 
(7) Bust be easy to integrate with other plant components. 
Figure 6.8 shovls cost as a function of performance of 
sequence controller based on wired logic with those stored 
programs i.e. minicomputers and programmable units with espe -
cially designed microcomputers. 
Eo< 
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A B 
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FIG. 6. 8 
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If t he funct i on l eve l is be lO\~ po int A, a n d i nvo lve s 
simpl e c on t r o l, a small sca l e wire , l ogic (e . g . r e lay contro l 
boar d \~ i t h say 30 r e l ays ) i s re l at i vely t he l east LexpEJrlsi ve' . 
The function l e ve l between point s A a nd B i s bes t s uited t o a 
p r ogrammable seq ue nce contr oller where timers , counte r s and 
s hift r eg i s t e r are a bunda ntly used . The r egi o n o f functi o n 
l eve l highe r than pOint B i s most adequat e l y handl ed by a mi n i :-
computer wher e da t a p r ocessi ng i s the ma i n j ob e . g . fo r monitor -
ing freque ntly c h anging da t a , fo r p r oductio n c ontrol, a nd ar i th-
metica l ope r a t ion s . 
It shoul d be noted t ha t dec i sio n made when se l e cting t :1e 
control s y stem was not based on initi a l c o s t alon e . Cost Vias 
n o t con s i der ed on l y i n t e n ns of t he n umber of r e l ays t ha t will 
b e r eq'uired , but a cco unt was al so t a k e n of such f a cto r s as t he 
actua l ~Iiring, t he numbe r of n ecessar y adj u s t ment s , r e l iabi lity , 
fl exi bili t y , r e-usability , ease o f mai nten ance , s pac e , stanca rd-
isa t ion a n d l a bo u r cost . Al though th ~ sequence contro ller 
s e l ec t ed canno t satisfy all the above req uirements', it e limi nates 
mos t of t he d if f i c ul t i es. 
The s equence c on tro lle r u sed in the con t rol sys t em for 
t he p l a n t i s a n Omr o n "Sysmac - P I " Prog rammable s e q uence 
contro lle r, Fi g . 6 . 9 . Th is controlle r f e ature s a keyb oard 
progran~ing s ystem with 1 2 k inds o f ins truction s an d a maximum 
of 6 3 p r ogr ammabl e steps. Thus , it has a g r eat e r perfo rma nce 
in r e l at i o n to cost than seque n ce c ontrolle r s o f convent ional 
pinboard- setting in t e r ms of function s , s teps and simplicity 
o f progr ammi ng. I t performs a step advan ce t ype of cont rol 
which h as h i the rto been regarded a s impr act i cable vii th c onven-
tio n a l seq ue nce c ont rol ler (diode matr ix , pinbo a r d-set t ing syst e m) 
.MRON1l SEQUENCE CONTROLLER SERIE~ 
FI G ' 6- 9 
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A step advance type sequence contro l can be likened to 
an athletic relay race. In the relay race, \"hen the first runner 
covers a specified portion of the entire course , he hands over 
the baton to the next runner \"ho .wil l cover another specified 
portion of the entire course. The baton pass ' is repeated by 
the remaining members of the relay team to complete the relay 
race. I f the re l ay r ace is compared ~,ith a sequence control 
. 
operation, the operation of each runner to cover a specified 
distance corresponds to the operation of each load \·,hich is 
being controlled (e . g. v a lue , motor , e tc.,). I'Ihen input condi-
tions ( e . g . limit switch, proximity sIVitch, pressu r e switch etc) 
become ready by the operation of the load , i. e . indicating t he 
end of the current s~quellce wh i ch can be like ned to a bat.on 
pass , the subsequent operation is carried out. The operation 
likened to a ba,ton p ass is expressed as "step advance condi tion". 
The SYSMAC - PI series sequence controller empl oys a 
stored program system which permits mo~e sophisticated process 
control with ease . 
Figure 6 . 10 shows the system \·liring connection to the 
controller . Input anc output connections are shown on Fig . 6 . 11 
and 6.12 respectively. 
With this control ler, prograrr~ing is effected as easily 
as a desk-top electronic calculators merely by depressing t he 
appropriate keys in a step sequence . The controlle r automati-
cally checks key input errors during programming through the 
k eyboard, flashes the instruction display and alerts the operator 
by me~1S of a buzzer on detection of any prog r am error . Input 
and output status are monit.ored and displayed u sing LED (light 
emitting Diodes ) indicators, during operation, thus the status 
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information of the current sequence in operation can be viewed 
by inspection of the display. 
A step position (i. e . a step nt~ber in the process) can be 
monitored at any time by a step disp l ay , while a step-advance 
condition (L e . an inst ruction) is indicated by OP , Data - 1 
and Data - 2 disp l ays . 
The 12 kinds of instructions avai l able includes Return, 
Unconditional jump, AND , OR , Counter, Conditional jump, Repeat, 
and Time r, t hereby p r oviding the sequence controller with 
complete p r ocessing functions to permit sophisticated control. 
The t able of in s truction c ode is given in Appendix D, together 
with descriptions of respective i nstructi ons . 
As a counter- measur e ag"ainst power failure , shoul d s uch a 
failure o r a service interruption occur during operation of the 
controller, the p r ocess in progress will be held static. It 
~lill resume when the source of power is r estored . This facility 
e nabl es the plant to be shut down at any desired time without 
regards to the sequence in progr ess during the shut dovm. 
The p roc e ss flow chart covering al l events r equired to 
control the plant i s shown in Appendix D. 
Each box i n the flow chart represents a processing step. 
The diamond shape boxes a r e conditional jump processes in \olhich 
the controller monitors the input condition and jumps to a 
specified step if the progra~~ed " condition is met. 
Error or fault routines are e ntered at pOints E, F, G, 
H of the flaw chart. 
During the plant ' s operation there are four possible 
system fau lt s that can develop . They are as follm~s : 
(1) The extrusion cylinder can get stuck when being ejected 
from the extrusion frame. 
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( 2) When a l oading sequ ence commences the system can be 
empty or there may be no cylinder ready for loading into 
the extrusion frame . 
(3) There could be misalignment during a cyl inder entry 
sequence which will cause the piston to jam. 
( 4) The plunger in the pull solenoid could get stuck thus 
preventing the transverse loading ram to fully retract. 
During an operation in Hhi ch one of the above faults can 
occur the controller monitors the appropriate input or times 
the operation. If a fault occurred due to the operation bein g 
timed out or input r equirement not fu l filled , the controller 
aborts the operation, calls the operator'.s attention by sounding 
an alarmand indicates the system status through appropriate 
indicator light on the control panel . 
6 .4 FUNCTI ONAL DESCRIPTION SEQUENCE CONTROLLER 
The sequence controller is housed in a fan cooled tota lly 
enclosed floor mounted control console . 
6.4.1 Programming 
A sequence f 10vl chart, Appendi x E vIas prepared to enable 
the sequence controlle r to be programmed . 
6.4.2 Assi gn ing input/output identifiers to input e lements 
and controlled (output) e l ements 
'ro prepare a system program , Table 6 .1 each of the input 
and controlled elements in the flow chart is given a controller 
identifier numbe r. An explanation of each elements identifi-
cation begins with the manner il1 vlhich input and output devices 
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are connected to the sequence controller. Figure 6.10 shows how 
the elements in the flow chart of Appendix E are connected to 
the input and output bus of the controller. 
Of the possible input connections, 1 to 17 and 31 and 32 
were chosen (choice is generally arbitrary and depends upon 
available terminals}. 
Of the possible outputs connections, 1 to 11, 13 to 20, 
and 25 to 30 were chosen . 
Each input , once identified can be refe rred to within the 
sequence as many times as deemed necessary to produce the desired 
control sequence. 
6.4.3 Preparing syste~ program 
After each element has been assigned and identifi ed as 
described above , a system program was prepared (see Table 6.1). 
The program has six columns Step, Op, Data - 1, Data - 2, 
Output and Comment. The description of each colunm i s as follows: 
(1) Step: The step is the sequence step number in which the 
entered operation is to be performed. It is from "OO to 63. 
(2) OP: Op represents the logical operation, ORing or ANDing 
to be performed on input present in the column DATA - 1 
and DATA - 2 , or a functiona l operation to be pe r formed 
within the controller before control is transferred to 
the next step. 
(3) DATA - 1: This C01UiTJl can contain one of the follot,o,ing : 
( a ) A input number to be monitored by the controller durin g 
the current step . 
(b ) The time in minutes for THlE operation . 
(c) Numbers of repetions for REPEAT operation. 
(d) A step to which control is to be transferred during any 
., 
• 
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jump operation. 
(4) DATA - 2: Data - 2 can contain one of the following: 
( a) The second input setting if two or mo re input are to be 
monitored . 
(b) A copy of Da ta - 1 if only one input i s being monitored. 
(c) The number of sec onds setting for a TIME operation. 
(d ) Th e s t ep number from which repetition is to s t a rt for a 
REPEAT oper ation. 
( e ) Input signal t o be monitored for conditional JUHP . 
(5) Outp ut: Output indicate s the output terminal corre sponding 
to controlled e lement requi r ed which are t o be switche d o n 
durin g the current sequential s t ep . 
(6) Comment : This coluwn contains a brief explanation of the 
sequen ti a l step . 
6.4.4 Programming 
To p rogram the controller, power is applied to it and 
program control ' PROCON ' switch turned on . The controller i s 
then initialized by depressing the I NS and R/I~ keys simul ta-
neously. This oper ation clears the memory and sets t he step 
number to "00" (Appendix D contains defini tion for special 
function keys). For each step advance condition, the I NS key 
is depressed and the step instruction entered in the follo\Oling 
s equen ce : 
OP DATA - 1 DATA - 2 
If only one data is entered vlhen an AND or OR operation is 
to be performed the content of DATA - 1 is automati cally written 
into DATA - 2 when R!W k ey is depressed . 
Th e output requirements are set by depress ing the "OUT." 
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key which flashes the LED (ligh t emitti ng diode) in Output 
position 1 on t he display , fol lowed by an ON, OFF or SHI FT key 
according to the progrnm. Depress ON , OFF or SHIFT key advances 
the outp ut setting one t e rminal fOJ:Ward. 
The instruction just ente r ed i s sto r ed by dep ressing the 
R/W k ey . This automatically advances the step display one step 
fonlard. The p rog r am control (PRO CON) switch i s turned off 
when all the program steps have been entered . 
The program can the n be editted by stepping through the 
program one step at a time . During p r ogram edi tting the PRO 
CON switch must be on , and only the STEP key needs to be p r essed 
to advance ~~e s tep one s t ep fOrVIard . 
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TABLE 6 . 1 
SYS'rEH PROGRA~lME 
STEP OP DATA- l DATA- 2 OUTPUT COW-lENT 
00 RET PO\1er failure recovery 
A 0 1 OR 0 1 10 1, 2 ,1 9 IHthdraw piston from 
cylinder 
02 OR 02 1 , 4 Pan out of dryer 
03 TIH 00 02 1 Delay keep motor running 
04 OR 03 1, 6 Lo\~er frame 
05 OR 01 1 ,2 , 19 lvithdraw p iston from 
cylinder completely 
06 CJP F 06 If syst. is empty go t o F 
J 07 2TH 00 45 Cylinde r ejection time 
limit 
08 OR 04 1,10 Push empty c y l inder 
onto table 
09 CJP E 04 If cylinder is jru~med 
go to E 
10 TIH 00 02 1 Delay 
11 AND 0 1 15 1, 8 Align full cylinder for 
l oading 
12 TI N 00 02 1 Delay 
13 OR 08 1 ,11 , 13 Load full cylinde r i nto 
frame 
L14 2TH 01 30 Piston entry time limit 
15 OR 10 1 ,14 , 18 , 19 Start piston entry 
16 CJP H 10 If entry fails go to H 
K 17 TIH 00 00 1,10 Jerk push plate to 
release plugs 
18 2TH 00 06 Push p la t e retraction 
time limit 
19 OR 09 1,11 Retract push plate fully 
20 CJP 6 09 If push plate retraction 
fails go to G 
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Tabl e 6 .1 (cont ' d ) 
STEP OP DATI\-l DATA - 2 OUTPUT CONl'lENT 
2 1 OR 11 1, 7 Lift frame above drye r 
22 TUl 00 02 1, Delay 
23 OR 12 1,5 Pan fram e into dryer 
24 THl 00 10 1, 3 , 14 Compactio n pressure b uild 
u p time 
25 OR 13 1 4 1, 3 ,1 4 Start compaction sequence 
26 CJP N54 14 If cylinder i s empty 
go to M . 
27 OR 14 32 1, 23, ( 20 ) St a rt extrusion 
25 , 26 
28 CJP 1-1 54 14 If extrusion c ompl ete 
go to M 
29 OR 14 31 1,23 , (20) Other wise continue 
26 extruding 
30 CJP 1-154 14 If extrusion complete 
go to M 
31 OR 14 1,23, ( 20) Otherwise continue 
extruding 
1-1 32 OR 17 1,1 6 Tip cradle 
-
33 TIN 00 10 Wait fo r pigment to d r op 
34 OR 16 1,17 Lowe r the crad le 
35 TIN 00 02 1 Delay 
D 36 OR 18 1,9 Cylinder mani pulation 
sequence 1 
3 7 TU1 00 02 1, Delay 
38 OR 15 1, 8,15 Cylinde r manipulation 
sequence 2 
39 THl 0 0 0 2 1 Delay 
40 OR 1 8 1, 9 Cylinder manipul ation 
final sequen c e 
41 JMP A Re turn to A 
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Table 6.1 (cont'd) 
STEP OP DATl\- l DA1'A-2 OUTPUT CQ!.INENT 
R 42 OR 32 25,27 Buzz and indicate 
status as 
43 OR 31 27 "cylinde r stuck on 
ejection 
44 JMP J Return to fault pOinting 
and try again 
F45 OR 32 25,28 Buzz and ind icate status a 
46 OR 31 28 "Load ing table e mpt y" 
47 JMP D Return to fault point 
and try again 
G 48- OR 32 25,29 Buzz a n d indicate status a 
49 OR 32 29 " Pull so l stuck" 
50 ,;JNP K Return to fault point 
and try again 
H 51 OR 32 25,30 Buzz and ind icate fault as 
52 OR 31 30 "Piston entry failur e " 
53 JMP L Heturn to fault point 
and try again 
M 54 OR 32 25,26 Call operator r equest 
for new skip 
55 OR 31 26 Skip request status 
-
56 JHP N Return and tip skip 
57 END End of p rogram 
58 OR 14 1 , 3 , 19 Piston fast fonlard 
59 END 
60 OR 01 1,2,19 Piston fast \."ithdrawal 
61 END 
.. 
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CHAPTER 7 
PLANT MANUFACTURE, I NSTALLATION AND COMMISSIONING 
7 . 1 MANUFACTURE 
Detailed working dravlings and system specifications for 
the plant were ready during the first quarter of 1980. Some 
known equipment manufacturers were invited to tender for the 
manufacture of the plan·t . The contract for the manufacture of 
the plant was awarded to a company in Newchapel , Stoke-on-Trent. 
The b uilding and supply of the hydraulic system was subcontracted 
out by the main contractor . 
In S ep terrber 19 30 the main contractor expressed some 
difficulty i n finding suitable subcontractors to carry out the 
electrical/electronic system control wiring . In vievl of the 
time c onstraint on the project the author of this thesis 
volunteered to do the wiring. The labour and materials were 
supplied by the main contractor. 
The final assembly of the plant vias not on schedule due to 
the de l ay experienced on the supply of the 250 mm extrusion ram . 
During the assembly it was observed that the perpendicu-
l arity required between the extrusion ram rod and the bottom 
p l ate of the extrusion frame could not be obtained. This wa s 
because during the fabrication of the extrusion frame, the sub-
asserrbly procedure specified in the working dra\~ings was not 
follo\~ed . The situation was remedied "Iith the use of the 
shims under the extrusion ram flange. 
Modification to the design is detailed in section 7.4 . 
The complete plant was assembled and tests were carried out 
to see that the p e rformance r equireme nts of the plant were met . 
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'I'his in cludes stability tests and functional tests. 
7.2 I NSTALLATION 
The plant was initially installed at the sponsor ' s works 
in Ki dsgrove where performance tests were carried out (see 
Chapter 8 ). 
Some pr ob l ems were experi enced with the check valves on 
the lifting ram circuit and the extrusion ram circuit. This vIas 
because the chec k valve supplied \vere supposed to be externally 
drained as opposed to the internally drained type specified in 
the hydraulic specification . The externa l drain required on 
tile supplied valves were not provided for. The author then 
requested the main contr actor' to provide these e~ternal drains. 
7.3 COMMISSIONING 
On completion of the performance t ests at Kidsgrove the 
plant \'laS transported to Cowan Colours in Lon don where it vias 
commissioned. 
During the installation of the plant in London the wiring 
was wrongly connected by the contractor s , despit e the fact that 
the cables were labelled. This caused the protective fuses in 
the control system to b l ow. 
Th e complete \viring had to be stripped dO\vn by the a uthor 
and r econnected . 
Wrong piping connections on the panning and lifting system 
by the contractor caused the equipment to malfunction on start-
up . This f ault caused t he loss of some seals on the panning ram ' s 
directional contro l valve , \vhich "'ere later replaced . 
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7 . 4 MODIFICATIONS TO THE PLANT 
During the course of the manufacture of the plant a number 
of components e.g. the lock solenoid (17) Fig . 4 . 17 , the pull 
solenoid , Fig. 4 . 15 were not standard items and had to be proved 
operational before standard detailed dravlings and material select-
ion could be made. The components for these items were made from 
mild steel . It will be necessary to make these components from 
stainless steel as specified in their manufacturing drawings, 
especially for those plants to be use? in processing cadmium 
Vl(" 
based pigment. This type of pigment have a corrosive effect on 
mi l d steel . 
During the commissioning of the plant at CO\'-Ian ' s Colour 
Limited where it is now being used to produce chrome · based 
pigment, some difficulties \~ere experienced in maintaining 
continuous extrusion throughout the complete extrusion stroke 
on the machine. The machine had to be stopped and started 
three or four times during a complete extrusion stroke . The 
reason for this is discussed in Chapter 8. To overcome this 
problem the number of holes on the extrusion cylinder has nOyl 
been incre ased from 16 to 26 . This arrangement also gives a 
better spread on the band dryer , but did not solve the stop/ 
start prob lem. 
The problem ~Ias overcome by inserting a mouthpiece (see 
Fig. 7 . 1 ) over the die plate . This mouthpiece reduces the die 
angle from 900 to 600 • As mentioned by Hodginson(2) this has 
the effect of reducing the amount of redundant work required 
within the conical dead zone. The extrusion pressure required 
to extrude pigment with the mouthpiece insert was not determined 
but it was noted that the presence of the mouthpiece improved 
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the performance of the plant considerably, e.g. the extrusion 
rate was observed to be constant, the extrudate distribution 
on the band dryer was uniform and the plant could run in its 
designed automatic mode without unnecessary operator's attention. 
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CHAPTER 8 
EXTRUSION PLANT TEST 
The justification of many of the assumptions made for the 
design of the plant can only come through its use. 
A test specification, Appendix C was prepared. The extru-
sion plant was tested to this specification at the manufa.cturer's 
works. 
When the equipment was installed at the sponsors', \'lorks in 
Kidsgrove a performance test was carried out on it. The test 
carried out are discussed below. The test done on various 
pigments indicated that the plant is capable of extruding all 
the pigment currently being produced by the sponsors. There 
are variations to the thickness of pigment left over at the 
end of the extrusion cycle. This thickness depends on the 
pigment being extruded. ~Ihen an extrusion cylinder is refilled 
with pigment without the left over from previous extrusion 
removed, it was observed that there was no build-up effect in 
the cylinder after each successive extrusion. 
Difficulties were however experienced during the extrusion 
of cnromebase . pigment a materi al being produced at Cow an , s 
Colour Limited ( a sister company of the sponsors). The material 
was introduced into the project towards the end. These diffi-
culties vrill be discussed in section 8.3. 
8.1 PRESSURE TEST 
Pressure measurements ~lere made to check the behaviour of 
the extrusion process against the empirical equations derived 
on the Laboratory model on 1'1hich the design of the plant was 
based. Pressure measurements were made during the extrusion 
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of some pigments supplied by the sponsors within the limited 
time allocated for the test. 
The pressures on the piston face and that on the bottom of 
the extrusion cylinder were taken at various piston displace-
" 
ments from the bottom of the cylinder. This ~las done by drill-
ing and tapping holes on the piston and the cylinder bottom 
as shown in Fig. 8:~1. 
Two Kistler Piezoresistive pressure transducers type 
4043 A50 were fitted as shown. The drilled holes not instru-
mented were plugged off. Each transducer was connected to a 
Kistler Piezoresistiv.e amplifier type 4601. When it is desired 
to readtlle pressure on anyone of the transducers it is connected 
to the amplifier as sho~m in ·Fig. 8.2. Output from the amplifier 
is read with an AVO digital multimeter. 
Only t\~O readings, one on the piston and the other on the 
cylinder could be taken during each extrusion stroke. This was 
because only two transducers and one amplifier were made 
available by the sponsors. 
8.2 TEST RESULT 
The amount of pressure testing carried out ~las severely 
limited as not all the pigments 
sponsors were available for test 
being produced by the 
at the time. 
Pressure testing was carried out without seals on the 
extrusion piston grooves. Although there were some back extru-. 
sion between the cylinder walls and the piston :.thTs",-uis'\ not 
....... -' 
appreciable. It was observed that after each extrusion the 
cylinder walls were wiped clean by the piston during its 
withdrawal. 
- 127 -
·rlt~--1- PRESSURE TRANSDUCER 
\,.4l-j--+- FINAL PLANE OF REPOSE 
I~--+-EXTRU'SION CYLINDEil 
I1n+1-'l.----f- PRESSURE TRANSDUC ER 
FI G 8-1 
TRANSDUCER LOCATIONS DURING EXTRUSION 
PRESgulE MEASUREMENT 
- 128 -
0-lrl CD CD ·IN 
-IN 2..5mA 
@) 
® .CUT 
~ 
" I , ~ I ,a b c d 
, I I I I 
a: transducer (with open measuring bridge), e,g. 4043/45A ... 
b: 5-conductor connecting cable 
c: piezoresistive amplifier with integral constant current source 2 ... 5 mA 
d: connecting cable(s) 
, e: displays electronics 
FIG, 8.2 
Block diagram of measuring system 
" 
10 19 1&13121 ,~ 
e 
• 
- 129 -
The pressure reading taken during the tests were plotted 
against piston distance from the bottom of the cylinder. The 
results are shown graphically in Figs. 8.3 to 8.7. 
At least two measurements were taken using the same type 
and group of pigment. The curves obtained from each set of 
measurement are depicted as A and B in each figure. 
8.3 DISCUSSION OF RESULTS 
From the test results it can be observed that the pressure 
reading at the piston face is lower than that at the bottom of 
the cylinder. These results do not agree with the theories of 
extrusion ill which the total extrusion pressure,.<1. e. piston 
pressure)is the sum of the pressure due to cylinder wall friction 
plus the pressure at the cylinder bottom. 
It is believed that the reason for some of the piston pressure 
readings being lO~ler than those at the bottom of the extrusion 
cylinder were due to pressure distribution on the piston surface. 
The behaviour can be attributed to final angle of repose of the 
pigment after it has attained its extrusion density (see Fig.8.1) 
~lhich allows the central portion of the pigment to form a heap 
capable of supporting the applied force. This hypothesis could 
not be verified due to the timesca1e allocated to the tests. 
The pressure at 10 mm from the bottom of the cylinder for 
unfired deep ¥ellow Y77 and fired Red. :reos ",ere in close 
agreement "lith those predicted by the empirical equation obtained 
in Chapter 3, (see Table 8.1). The predicted pressure for chromate 
(0.42MPa) is less than the observed value (4.4MPa) because the pig-
ment used in the laboratory test was filtered using a pack filter 
with 60% moisture content compared to the vacuum filtered pigment 
used in the performance test of 30% moisture content. 
• 
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Extrusion Pressure MPa 
Pigment 
Predicted Observed 
R04 Unfired 0.9 Not available 
Y77 Unfired 1.23 1.2 average 
Y06 Unfired 1.4 Not available 
ROl Unfired 1.5 Not available 
ROl Fired 3.5 1.87 average 
Y77 Fired 2.0 Not available 
M59 Fired 4.1 Not available 
R05 Fired 4.45 4.43 average 
Chromate 0.42 4.40 average 
TABLE 8.1 
Observed/predicted extrusion pressure 
The extrusion pressure from tests on the laboratory model 
used in deriving the empirical equations were obtained by divi-
ding the total applied load of the compression tester during 
e~trusionby the extrusion cylinder area, while those obtained 
during the extrusion plant test were pressure within the pigments. 
This difference in method of pressure measurement might 
have an effect on the correlation between the predicted pressures 
and those observed. 
The stop/start phenomena exhibited by chrome base pigment 
whereby the extrusion ·pressure builds up until the extrusion 
ram stalls and when the plant is stopped and restarted the 
extrusion pressure drops and as extrusion c·ontinues the pressure 
builds up again until it stalls, can be likened to the behaviour 
of clay as explained by Capper and cassie(14) and depicted in. 
Fig. 8.8. The situation was remedied by inserting a mouthpiece 
on the die plate as explained in Chapter 7. 
- 131 ..., 
I 
. ". I I i 
-\- Ul..tFIRED DEEP YELl OW il-~'E~~§t~§i3~£~3 Jt5 t- Y77 
;: .. I ~CYL BotTml PRESSURE .~. 
T ',> 
3-15 
W 
0:: 
:J 2-10 
III 
III 
W 
Cl: 
a. 
z 
o 
III 
~1-05 
o 
--- -- - - PIST ON FACE PRESSURE t==E=~==j==i==t=~E=~E=j==r-==1 1------.~_r~I__~--~--1_-!.--+_-++__r~~~- .-I 
~f---t---i---j'~-i--+-+--+-+_-+--+·--f----,-+--+-+--+-I---+---f 
r--l---j--+---+--+-.-
450 400 350 . 300 250 200 150 
DISTANCE OF PISTON FRCM DIE 
-FIG a-3A 
I I I I I I 
UNFIRED DEEP -YELLOW 
_. Y77 
-CYL BenOM PRESSURE 
----PiSTON FACE PRESSURE 
I 
: 
-
I 
, 
I 
I 
I 
I I 
450 1.00 3 0 300 250 200 150 
100 
(rrrn) 
-
-
-
100 
01 STANCE OF PiSTON FROM DIE (mm) 
FIG- 13- :113 
--'- - --
50 o 
--
.---
-
..,.. 
. 
_t.. 
50 0 
3-15 
hJ 
§ 2·10 
If) 
If) 
w 
c:: 
0-
Z 
o 
If) 
;:) 1·05 
fl: 
l-
X 
W 
o 
3-15 
w a:: . 
;:) 2,10 
If) 
if) 
111 
a: 
0-
z 
o· 
If) 
gl'05 
- _ 0 
- 132 -
-
, 
• 
UNFIRED RED R05 
r-
r-
-CYL BOTTOM PRESSURE 
~ 
- - - PISTON FACE PRESSURE f--
r-r-
I 
- " 
_ .. 
, 
-• I 
450 400 350 300 250 200 150 100 
DISTANCE OF PISTON FRa.1 DIE (m'l1) 
"FIGS-loA 
1 .L 
L I ! I I 
, 
UNFIRED RED R05_ 
CYL BOTTOM PRESSURE 
----PISTON FACE PRESSURE 
-
....-
• .... 
.." 
-
- - - -- - - -
"50 400 3 50 300 250 200 150 100 
DI STANCE OF PISTON FROM DIE (mm) 
FIG'S-4B 
.. -
1/ 
1/ 
/. 
1/ 
Ai' 
..-
50 ' 0 
/ 
/ / 
/' 
..-
, 
• 50 0 
- IJ.J -
-
3·15 
11! 
§ 2·10 
u'l 
III 
UJ 
0:: 
a. 
z 
o 
u'l 
::J 1·05 
fl: 
l-
X 
UJ 
o 
3·15 
UJ 
0:: . 
::J 2·10 
V) . 
u'l 
Il! 
0:: 
c.. 
Z 
o '. III .~ 
~t'05 
-
o 
, 
f--- FIRED ORANGE -ROl 
f---
-f---,_CYL BOTTOM PRESSURE 
- - - PISTON FACE PRESSURE 
I 
I 
I 
, 
I 
"-
, 
I 
450 400 350 300 250 200 150 
DI;,TANCE OF PISTON FROvl DIE 
FIG 8- SA 
I I I • 
I I i I I I I 
FIRED ORANGE ROl 
-CYL BCTTOM PRESSURE 
, 
- -- -PISTON FACE PRESSURE 
, 
I 
I 
, 
i I 
, 
-
I-
450 4CO 3 ~O 300 250 200 150 
I 
I 
I 
, 
, -1.- ' , 
T ,0 
I 
, 
I 
;;-.. 
100 
(rrm) 
~ 
-
-
100 
, .... 
'" ... -
50 
50 
DJ STAl\'CE OF PISTON FROM DIE (mm) 
FIG' 8-58 
" ~ 
/' 
/. 
o 
/ 
/' 
./ 
.... 
;.. 
0 
3·t5 
11.1 
§ 2·10 
III 
III 
W 
cc 
a. 
z 
o 
III ~ 1-05 
a: 
I-
15 
o 
3-15 
w a:. 
~ 2·10 III 
Ill· 
111 
cc 
n. 
z 
o 
Ill· 
gt.05 
o 
- 134 
-
I 
I 0 0 
I-- EIBED REel R05 
I--
I--~-CYl BOTTOM PRESSURE 
I-- - - - PISTON FACE PRESSURE 
c-
'/ 
0 /' 
, .of • __ ,.. 
-
I 
. 
1,50 1,00 350 300. 250 200 150 lCO 
(rrrn) DISTANCE OF PISTON FROM DIE 
:FIG e,-SA 
I \ \ 
EfRED RED R05 
-CYL BCTTOM PRESSURE 
----PiSTON FACE PRESSURE 
I 
, 
'. --
..,. 
- .....,.-
I 
"-
'/ 
1.50 1.00 3 50 300 250 2L'O 150 100 
DISTAt-.'CE OF PISTON FROM DIE (mm) 
,...,.... n~~tl 
/ 
1/ 
I 
• 
-
50 o 
/ 
j 
I 
/ ,.L 
" 
I 
50 0 
, 
3·15 
tu 
~ 2·10 
Vl 
Vl 
l1J 
0: 
0.. 
Z 
o 
Vl 
::> 1·05 
0:: 
l-
X 
l1J 
o 
Jo15 
l1J 
0:: 
::> 2·10 
Vl 
VI . 
W 
0: 
0.. 
Z 
o 
Vl gl'05 
o 
. 
- 135.-
I 
.1 I 
, , , 
CHROMATE -
-
-
-CV L BOTTOM PRESSU RE 
-
-
- - - PISTON FACE PRESSURE 
-
-
--
" 
450 
I 
r 
I 
I 
400 350 300 Z 50 200 150 100 
(nm) DISTANCE OF PISTON FRCM DIE 
'FIG S-7A 
I I I I I 
--
:----!-, 
CHROMATE 
CVL BCTTOM PRESSURE 
I 
----PiSTON FACE PRESSURE 
I 
450 1,00 3~ 
i 
./ 
r- I 
- ~ - . .p.~t..-
I , 
I 
I 
- -
, 
, 
0 300 250 200 150 100 
DISTANCE. OF PISTON FROM DiE (mm) 
FIG' 8-7 B 
I 
I 
/ 
1 
/ 
/' 
./ 
.. 
~. 
.. ~ 
50 o 
--
I 
I 
I 
/ 
./ 
./ 
~. 
- -
t---1 
I 1-' I J 
50 0 
A 
o 
H 
~ 
Cl 
H 
~ 
8.4 CONCLUSIONS 
D 
- 136 -
re-compression 
Expansion 
PRESSURE .. 
FIG. 8.8 
The product from the designed extrusion plant is of better 
quality as compared with those produced from scre, ... extruder. 
Figure 8,9 shows some products from the plant. 
Drying tests done on some chromate pigment sho\,led that 
the extrudate can be dried to 0.5 percent moisture content 
in a three bay convective dryer. Drying tests were not carried 
out on cadmium based pigment because the plant could not be 
installed over a cadmium pigment processing dryer since this 
would involve the removal of the existing 'extruder and its ancil-
lary components long shutdown time and loss of production. 
1I0'fTeVer, cadmium pigment produced from the earlier prototype 
ram extruder shm'Ted a ,much better dryness quality than from the 
screw extruder (-1) • 
The thixotropic nature of the pigment has rio effect on ' 
the process and it can be rightly concluded 1;.hat the ,designed 
plant can handle all, the pigment in production by the sponsors. 
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For future work it would be advantageous to carry out a 
thorough study of chromate pigment flow characteristics during. 
extrusion as was done for cadmium pigment. 
It will be of interest not only academically but also to 
the pigment producing industries if a thorough study of the de-
formation behaviour of wet pigment particulate under stress 
could be carried out, the pressure distribution during extrusion 
and the flow characteristic of the. pigment established. 
Application for a British Patent was filed by Johnson 
Hatthey, the parent company of the sponsors to cover the design 
of the plant on the 2nd of July 1981 and was accorded applica-
tion Number 8120513, and is given in Appendix F. 
The designed plant is working full-time on the chromate 
pigment production line at Cowan Colours Limited, London after 
mouthpieces (see section 7.4) were inserted in the extrusion 
cylinders. 
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FIG 8-9 
' Somt ( xtrudah from th( u~ r uslon pla nt . 
FIG 8-10 
EXTRUSION PLANT 
FIG 8-11 
HYDRAULIC POWER PAC~ Il. BACK VIEW OF CONTROL CONSOLE 
APPENDIX 'A' 
EXTRUSION PLANT DESIGN SPECIFICATION 
• 
• 
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2.5.1 INTRODUCTION 
This specification concerns the design of a new machine 
to preform the pigment paste delivered from the filter presses 
into a worm shape and load it on to the band conveyor of an 
industrial band dryer. 
The input shall consist of filter cakes of pigment 
delivered to the machine in the currently used skips and the 
output shall be a preformed worm. shaped paste laid down on the 
band with a depth and pattern having the best possible drying 
characteristics. 
• 2.5.2 PERFORHANCE 
The machine shall be capable of handling 240 kg/hr of 
pigment (wet weight) or 170 kg/hr (dry ,~eight) with the possi-
bility of a 25 percent increase in processing capacity. 
The extrusion rate of the machine shall be adjustable 
to accommodate the various pigment in production. The speed 
.shall be variable bebleen . 25 mm/min to 200mm/inin. 
The machine shall incorporate a transfer unit which will 
transfer the filter cake in the skips into the extrusion cylinder 
used on the main machine. 
2.5.3 ENVIRONHENT 
High relative humidity due to vapour from drying pigment 
(20 - 100 percent RH). Temperature between OoC and 30°C 
corrosive due to the material being processed. 
2.5.4 LIFE EXPECTANCY 
Ten years. Component parts may be maintained or replaced 
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as necessary. 
Recommended.srares list required. 
2.5.5 MIANTENANCE 
Planned· preventive maintenance shall be carried out. 
'l'he annual shut down is for two weeks during '·/hich major 
overhaul vlill be done. 
1\11 partS in contact with I'igment paste will require 
cleaning at regular intervals, thus the equipment must therefore 
afford ease of access for cleaning which may be done manually 
with or without hoses. 
hbere possible in-situ cleaning is desirable •. 
Re-entrant features, grooves etc.,· which might trap 
pigment and give rise to undesirable mixing of pastes must be 
avoided. 
nodular replacement of exchange parts and ease of access 
for critical parts should be features of the system. 
All machine must be capable of being hosed dOvln or washed. 
2.5.6 TARGET COST 
Capital cost £20,000 per unit. 
2.5.7 QUANTITY k'lD 11ANUFACTURE 
One prototype followed by four units, one for each product-
ion line vlill be required. 
Conventional milling, turning, drilling, welding and 
fitting services are available in-house, but sub-contracting of 
parts will be considered if these facilities are inadequate. 
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2.5.B SIZE AND WEIGHT 
Within the limitations of space available for manoeuvre" 
ability of transporting equipment. See Drawing No. RG/K204 -
L - 5lBA. 
Pigment paste should preferably be introduced at a 10l'ler 
level than on ex~sting system to reduce labour cost and loading 
time. 
2.5.9 AESTHETICS AND APPEARANCE 
The equipment shall have clean and pleasing lines and 
surfaces coloured in contrast with the system and must be free 
of pockets and ledges. 
2.5.10 HATERIAIS 
The materials used must be resistant to the corrosive 
and erosive effect of the pigmen~ Stainless steel is considered 
to be a suitable material. Copper and alloy should be" avoided. 
2.5.11 STANDARDS AND SPECIFICATIONS 
(i) H.H. factory Inspectorate technical data note 11 
"Cadmium, Health and Safet;yPrecautions". 
(ii) H.H. factory Inspectorate technical data note14 
"Heal th, Dust in Industry". 
(iii) Deposit of poisonous waste Act 1972. 
(iv) Insurance regulations. 
(v) Noise regulation. 
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2.5.12 ERGONOl1ICS 
All manually operated items' required for the operation 
of the plant shall be located at standard levels. 
2.5.13 OPERATION OF PLAtn 
Six operators shall be made available to run four 
machines on the drylng floor, two per shift. 
The four machines can be attended to by a single 
operator. 
No special qualificatlo11s are needed for the operators. 
There shall be a plant engineer ~Tith a knowledge of 
programming the SYSNAC - PI programmable sequence used as a 
controller in the plant control system. 
APPENDIX 'B' 
EXTRUSION PLANT HYDRAULIC SYSTEM SPECIFICATION 
Issue No. 2: 
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1. INTRODUCTION 
This specification amplifies and clarifies some points set 
out in BS 4575 Part 1 1979 "British Standard Guide for appli-
cation of fluid power equipment to transmissions and control 
systems" - Part 1 Hydraulic Systems. 
A hydraulic system to power and control an extrusion plant 
is required. Solenoid valves shall be remotely controlled by 
the output of a programmable sequencer. 
The initial requirement shall be one off, with a view to 
purchasing at least a further three after the plant has been 
proven satisfacto~y. 
2. EXTENT OF SUPPLY 
2.1 Design 
The design shall be as depicted on drawing No. 79IV0041/1 
issue 1 of 3rd March 1980. 
2.2 Manufacture 
The manufacture of conponent parts and assembly will be put 
in the hands of the supplier. Components shall be as 
specified below or approved equal. The power unit and 
control valves should be supplied preferably as a single 
assembly. 
CUSTONER 
The customer shall be Blythe Colours Limited, Albion Works, 
Liverpool Road,East, Stoke-on-Trent. 
TESTS 
---
The system shall be tested to ensure that it conforms to 
the designer's performance requirement. 
.:-.. 
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3. GENERAL 
3.1 Specifications 
Design submitted will comply with ISO 4413 - 1978) which 
is identical to BS 4575 Part 1 1979. 
3.2 Safety 
3.2.1 Failsafe 
The extrusion ram and lifting ram subcircuit shall 
be provided with counterbalancing valves and pilot 
operated check valves. A pilot operated check 
valve shall also be provided on the tipping ram 
subcircuits. These check valves shall be located 
on or close to the rams. All components shall be 
selected, applied·:, fitted and adjusted to ensure 
that the system is failsafe. 
3.2.2 Application goncept 
Ca) All components within the system shall operate 
within their manufacturers' specifications, and 
must meet the system specification requirement. 
Cb) All parts of the system shall be protected 
against over-pressure. 
·Cc) The control system should be constructed as a 
single unit, with all valves or valve panels 
mounted on the pOlqer uni t. Components shall 
be located in such a manner that they are access-
ible, and can be safely adjusted and serviced. 
Cd) Circuits shall be constructed to minimize 
surge pressure. 
(e) Surge pressure or lack of pressure shall not 
cause hazards. 
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3.3 System specification requirem~nts 
3.3.1 Valves 
Ca) VOl - Check valve on extrusion ram subcircuit 
Nominal flow capacity 15 gpm 
Nominal valve size 
Rated pressure 3000 psi 
Type Double A type AA-04-
10Al or approved equal 
V03 and V04 - Check valves 
Nominal flow capacity 10 gpm 
Nominal valve size %" 
Rated pressure 3000 psi 
Type Double A type AA-03-
10Al or approved equal 
Cb) V02 and V03 - Counterbalancing valves 
Max operating pressure 
Adjustment range 
Adjustment sensitivity 
Internal leakage 
Repeatabili ty 
Nominal flow 
Envelope pressure rating* 
Fatigue 
Static 
Nominal valve size 
3000 psi 
so to 3000 psi 
700 psi/turn 
7 cipm/looO psi 
%% of setting 
10 gpm 
3300 psi 
8000 psi 
1" 
• 
*Variiication of fatigue and static pressure of the 
pressure containing envelope shall conform to NFPA 
recommended standard NFPA/T2.61 - 1974 category 1/90 
Type ••••• Double A type BQ?-03 10Al or approved equal 
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(c) CV01-Control manifold vlith 3 selectable flow rates 
This unit should consist of two flow control valves 
and two solenoid operated directional valves. The 
flow control valves shall conform to the following 
specification and must be pressure and temperature 
compensated. 
controlled flow minimum 
maximum 
Free reverse flow 
0.008 l/min 
18 l/min 
36 l/min 
Operating pressure 3000 psi 
Pressure compensation shall be within ± 0.5% to 
± 3% of setting with lock and key adjustment combined. 
Type •••• Double A type QXA-005-LC---T--10Al 
or approved equal 
The solenoid operated directional valves shall conform 
to the following specification. 
Two position spring-offset spool 
Nominal flow capacity 
I-Iax. flO\~ without malfunction 
Max. operating pressure 
Response time 
Solenoid type 
Inrush/holding current 
5 gpm 
7 gpm 
3000 psi 
0.008 sec. 
220V 5~Hz 
1. 1/0. 23 amp. 
Type •••• Double A type QG-005-P-lOBl-220/50 
or approved equal 
Cd) CV02 Pressure reducing valve 
Operating pressure 
Adjustment range (rated flow) 
3000 psi 
50-3000 psi 
'\ 
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Nominal flow capacity 50 gpm 
Type •••• Double A type WOP-03-C-10A3 
or approved equal 
(e~ CV03 Pressure reducing valve 
Rated operating pressure 
Adjustment range 
Nominal flow capacity 
3000 psi 
50-3000 psi 
·10 gpm 
Type •••• Double A type vlQP-03-10Al 
or approved equal 
(f) SVl to SV7 Solenoid operated directional valves 
Op~rating pressure 
Max flow without 
malfunction 
Nominal flow 
Solenoid type 
SVOl & SV07 
3000 psi 
, 
19 gpm 
12 gpm 
220V 50Hz 
Others 
3000 psi 
7 gpm 
5 gpm 
220V/50V 
Inrush holding current 1.62/0.47 amp. 1.1/0.23 amp 
Response time 0.015 sec. 0.009 sec. 
Type ••••• Double A-
SVOl QF-Ol-FF-1OFl-220/50 
SV02 QF-005-C-10Bl-220/50 
SV03 QF-005-FF-1OBl-220/50 
SV04 QF-005-CllOBl-220/50 
SVOS QF~OOS-C-1OBl-220/S0 
SV06 QF-005-FF-1OBl-220/50 
SV07 QF-Ol-C-10Fl-220/50 
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(9) CV04 to CV08 Dual flow regulator 
Operating pressure 
Check cracking pressure 
Ha,x. flow 
3000 psi 
20 psi 
12 gpm 
Type •••• Double A type NNYYC-Ol-lOAl 
or approved equal 
(h) V05 Lifting subcircuit counterbalancing valve 
l1ax. operating pressure 
Flow rate 
Adjustment per rev. 
Repea tab ili ty 
Pressure adjustment range 
3000 psi 
12 gpm 
650 psi 
0.5% of full range 
70 - 3000 psi 
Type ••••• Double A type NNCCC-01-3K--lOAl 
or approved equal 
(i) CV9 Unloading valve 
Hax. operating pressure 3300 psi 
Adjust,ment range 75 to 3000 psi 
Adjustment sensitivity 700 psi/turn 
Internal leakage 
Repeatabili ty 
Type •••• 
7 in 3/min/lOOO psi 
0.5% of setting 
Double A type B-06-Hl-lOA3 
or approved equal 
(j) V06 Check valve - direct acting in-line 
Nominal flow capacity 15 gpm 
3000 psi 
~n 
Rated pressure 
Nominal size 
Type ••••••• Double A type DL-04-l0Al 
or approved equal 
Cylinder bore dla. 
Piston rod dla. 
Length of stroke 
Operating pressure 
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approved equa I 
Doub le A * 
N2J 10/5*" 
X IOOOmm 
Double A 
N2C 4/1~1f 
X 1I00mm 
Double A 
N2B 4/ I~" 
X IIOOmm 
Double A 
R2F It/I'' 
X 1400mm 
Doubie A 
N2C 4/ I~" 
X 550mm 
Double A 
R28 I VI If I X 853mm ~ ___________________ L-_______ ~ _________ ~_________ ~___ " _____ ~. _______ ~ ________ ~ 
~ Fitted IVith flared lip ure1hilrlo piston seills. LOC,,-l ; or. of f"c,od pori- 'In each ram sha II be 
" , 
such n"t \/i II permi-t easy access when system 
vr 
. 
.... 
N 
@' 
3 
., 
" ..0 C 
~ 
3 
'" ::J 
-+ 
'" 
Is I'll 11 Y "'%(lmb led - see dV/D. 79\~0077 fer detail. 
.... 
. 
.... 
N 
:c 
a. 
., 
!lJ 
C 
n 
., 
0; 
3 
U1 
. 
- 150 -
(k) CVlO Relief valve 
Max. operating pressure 3000 p'si 
Adjustment range @ rated flow 75-3000 psi 
Adjustment sensitivity 700 psi per rev. of 
adjustment screw 
Internal leakage 
Repeatability 
Rated flow 
4.5 in3/min/lOOO psi 
0.5% 
Type •••• 
50 gpm 
Double A type B06-l0A3 
or approved equal 
3.3.2.2 Protection 
Each ram shall be provided with rod wiper to 
provide dirt protection for the rod bearing 
and rod seal. 
Piston rods shall be chrome plated and the 
sUl:-face polished to a 6-10 micro-inch finish. 
Cylinders shall be made from high strength 
steel honed and polished internally to a 10-15 
micro-inch finish. 
3.3.3 Hydraulic power unit 
The hydraulic power unit shall comprise: 
Low pressure pump 20 l/min @ 1000 psi, coupled to 
a High pressure pump 2 l/min @ 3000 psi 
Motor - 4hp, 4l5V, 50Hz running @ pump speed 
Suction strainer 
Air breather and filler cap 
Temperature indicator 
, , ~ . 
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Pressure indicator 
Level indicator 
Clean out cover 
Return line filter, 1 micron, with electrical 
clogging indicator. 
3.3.4 Maintenance data 
The supplier shall provide maintenance data for all 
hydraulic equipment ~lhich clearly: 
(a) Describes start up and shut do~m procedure. 
(b) Describes adjustment procedures. 
(c) Indicates external lubrication pOints and the 
type of lubricant required. 
(d) state maintenance procedures for unique assemblies. 
(e) Locates fluid level indicators, full pOints, 
drains, filters, test points, strainers, magnets 
etc., that require regularly scheduled maintenance. 
(f) Gives instructions for fluid maintenance. 
(g) Gives further identification of parts in the 
hydraulic components supplied \~hich are commer-
cially available or manufactured to an inter-
nation standard that provides for uniform coding; 
the identification shall be the part manu-
facturer's Part Number, or as provided by the 
Standards Code. 
(h) List recommended spare parts. 
3.3.5 Data to be provided by the supplier 
(a) Final diagrams, drawings and text, including the 
Maintenance Data, shall conform to the equipment 
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shipped and forwarded to the purchaser not later. 
than the time of delivery. 
Cb) Final diagram of the system shall be supplied to 
the purchaser on reproducible material which shall 
not be folded. 
APPENDIX 'c' 
EXTRUSION PLANT TEST SPECIFICATION 
Issue No. 1 
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Test shall be carried out to ensure that the plant satisfies 
the product specification. 
The test shall be l11ade by visual inspection and physical 
measurements as detailed below. 
Visual inspection 
Visual inspection of the machine shall be carried out to 
ensure that it satisfies the maintainability, ergonomic and 
aesthetic as specified in the product specification. 
Functional test 
The programmable sequence controller shall be programmed 
for the control sequence required as shmm in the process flo~l­
chart (page162)and the operation of the machine observed. The 
following tests shall be carried out. 
(i).Control seguence simulation 
Prior to fitting the sequence controller in the control 
panel, limit switches shall be connected to the input of 
the controller and system program (as shOlm on page 117) 
shall be entered into the controller. By activating the 
limit switches in accordance \dth the process .flow diagram 
(page162)the output LED (light emitting diodes) on the 
controller shall be observed and shall follow the required 
output, as stipulated in the process flow diagram under 
control output activated. 
(ii) Dynamic test 
With the plant completely assembled and the control system 
wired as shown in the circuit diagram 79W0079, the ope--
rating program shall again be entered into controller, and 
the response of each ancillary part of the machine shall 
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be observed. All moving parts of the machine shall move 
without jamming or judder and shall operate as required 
in the process flow diagram. Each ram speed shall be 
set to the optimum level of operation. 
(iii) Safety test 
The cradle in the handling system shall be activated to 
simulate a tipping operation and the interlocking switch 
'ILSW' shown in drawing no. 79N0076 deactivated to 
simulate the opening of the lock gate. This action must 
stop the movement of the cradle. 
A s,dtch shall be inserted in place of the band dryer belt 
interlock contactor. When this switch is opened, it should 
put the machine into a state of suspended animation only 
during the extrusion stroke, other systems functions shall 
remain operational. 
Static test 
tath the extrusion frame fully lowered, the position of 
the mast shall be noted (as shown in the Figure below. The 
extrusion frame shall then be lifted to the maximum height ~lith 
a weight of 250 kg attached to the frame, or loaded into it. 
The mast position shall again be noted. The ratio of the deflect-
ion 0 and the height of the mast H shall not exceed 0.001. 
H 
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Performance test 
The performance test shall be ,carried out with the machine 
installed over a band dryer. 
Prior to loading a cylinder charged with pigment into the 
extrusion frame, two empty cylinders shall be placed in the 
handling system. The system program (Table 6.1) should be now 
entered into the controller, the controller put in Auto Mode 
and started. The machine shall be observed to follow the 
necessary operating sequence. 
The machine shall be allowed to perform one hundred full 
operations and the number and type of failures noted. 
Possible failures are: 
(a) Cylinder stuck whilst being pushed out of the extrusion 
frame. 
(b) Cylinder not well aligned for loading into extrusion frame. 
(c) Piston entry into cylinder failure. 
If any of these failures should occur, the controller shall 
be observed to carry out the necessary safety routine, as out-
lined in sections E,F,G and H of the process flowchart. 
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TES'!' C HA R T 
EXTRUDER 
Run no. • ••• 10 •••••••••••••• 
Product •••••••••••••••••••••••••••••••• 10 • 10 • Batch no •.•••••••••••• 
Extruder speed setting •••••••••••••••••••••••••• 10 •• 10 
Extrusion speed ••••.•..• 10 ••••••••••••••••••••••••• • •• 
PISTON EXTRUSION PRESSURE COHl1ENTS ON QUALITY, 
DISPLACEMENT INLET OUTLET DIFFERENCE LEAKS, ETC. 
. 
I 
. 
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S P E E D SETTINGS 
Longitudinal Ram Speed Setting 
Forward setting 
Reverse ~etting 
CVO 6 - A ____ Average ram speed 
CVO 6 - B ___ Average ram speed :::: 
Transversing Ram Speed Setting 
Push setting 
Pull setting 
CVO 7 - A ___ Average ram speed 
CVO 7 - B __ Average ram speed::::' 
Tipping Ram Speed Setting 
Lift setting 
Lowering setting 
CVO 8 - A _. __ Average ram speed -..: 
CVO 8 - B _._ Average ram speed ___ 
Lifting Ram Speed Setting 
Lift setting 
Lowering setting 
CVO 4 - A __ Average lifting speed ._. __ 
CVO 4 - B __ Average lowering speed __ _ 
Panning Ram Speed Setting 
Pan out setting 
Pan in setting 
CVO 5 - A Average out speed __ _ 
CVO 5 - B __ Average in speed __ _ 
APPENDIX 'D' 
DEFINITION OF CONTROLLER INSTRUCTION CODE AND 
OPERATING SWITCHES 
! 
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The following are definitions of the controller OP 
(instruction) codes together with 4escriptions of respective 
instructions. 
NOP (NO - OPERATION) 
This instruction instructs the sequence controller to 
do nothing, except to proceed to the next step. Use of this 
instruction is convenient for steps ~lhich hecome unnecessary 
due to changes in the process. 
END (END) 
This instruction indicates the completion of one process-
ing cycle. 
RET (RETURN) 
In the event of a power failure (or external interruption) 
this instruction causes the sequence controller to memorize 
the step being executed. Upon depression of the START switc~ 
the step before the power failure (or external interruption) 
restarts. 
JHP (UNCONDITIONAL JID!P) 
This instruction causes the program to jump to the step 
specified by DATA - 1 to resume the program execution from that 
step. 
AND (AND) 
When two input signals specified by DATA - 1 and DATA 1 2 
are present, the program proceeds to the next step. 
OR (OR) 
l-lhen either of two input signals specified by DATA - 1 
and DATA - 2, whichever comes first is present, the program 
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proceeds to the next step. 
CNT (COUNTER) 
When the counting is performed up to the count value 
specified by pATA - 1 ( a maximum of 63 counts) at the input 
specified by DATA - 2, the program proceeds to the next step. 
CJP (CONDITIONAL JUMP) 
vlhen the input signal condition specified by DATA - 2 is 
satisfied the program proceeds to the step specified by DATA - 1. 
l'lhen input signal condition is not satisfied the program 
proceeds to the next step. 
RPT (REPEAT) 
The progr.a'U is repeated as many times as that specified 
by DATA - 1 (a maximum of 63 times) from the step specified by 
DATA - 2 to the present step. 
TI11 (TINER) 
The program proceeds to the next step after the lapse of 
the time specified by DATA - 1 (in units of minutes) and by 
DATA - 2 (in units of seconds) respectively. 
2TM AND (TIME TOGETHER NITH AND) 
l'lhen the input specified at the second step follo~ling the 
2TH instruction is present after the lapse of time specified at 
the first step, 2TM instruction, the program proceeds to the 
next step. 
2TH OR (TIME TOGETHER WITH OR) 
When the time specified at the first step, 2TH instruction, 
has lapsed, or ~lhen any of the input specified in the second 
. ,.;r 
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step following the 2TM instruction, "lhichever comes first, is 
present, the program proceeds to the next step. 
2LG AND (4 INPUT AND) 
\'/hen both the two input specified at the first step 
(2LG instruction) are present and both the two input specified 
in the second step following the 2LG instruction are present, the 
program proceeds to the next step. 
2LG OR (4 INPUT OR) 
l~hen any of the input specified in the first step 
(2LG instruction) is present or any of those specified in the 
second step present, the program proceeds to the next step. 
NAME AND FUNCTIONS OF OPERATING SHITCHES 
On the front panel of the controller operating switches 
are provided for writing, reading, an~ executing programs and 
~perating the sequence control1er,in the automatic or manual 
mode. These switches are also wired to the front panel of the 
control console so that they can be remotely operated. 
AUTO/MAl'lU selector svlitch 
AUTO •••••• Automatic operation mode 
MANU •••••• Manual operation mode. 
OUT INH/RESET Selector switch 
OUT INH •••••• Used to inhibit output in program checking. 
RESET 
---
(1) With the PRO CON switch turned on setting the selector 
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s, ... itch to the "RESET" position causes the controller 
to reset to step 00. 
(2) with the PRO CON s~litch turned off, setting the selector 
switch to the "RESET" position causes the controller to 
reset to step 01. The resetting function becomes effective 
only when the STOP switch is ON. 
START/STEP switch 
In the automatic mode, turning this s~litch 011 causes the 
program. step execution to start, \"hereas in the normal mode, 
one program s~ep is executed each time the switch is turned on. 
STOP switch 
Used to stop the'program execution and prevent output 
transfer to an external device. 
~: In the manual operating mode tte progrrun does not 
advance even ~lhen all input conditions ar:: met unless 
the STEP switch is actuated. 
APPENDIX 'E I 
PROCESS FLOW DIAGPAH 
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NO 
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START 
WITHDRAW PISTON 
FROM EXTRUSION 
CYLINDER UP TO 
LIMIT SWITCH Xl 
PAN EXTRUSION 
FWlE CLEAR 
DRYER UP TO 
LIMIT SWITCH X2 
SWITCH X3 
o 
NO 
LIFT EXTRUSION 
FRAME TO FREE 
FRAME LOCK 
SOLENOID UP TO 
LIMIT SHITCH Xll 
LOHER EXTRUSION 
FRAME UP TO 
LIMIT SWITCH X3 
o 1r-------1>1 YES 
~ PUSH EMPTY CYL. 
OUT OF EXTRUSION 
FR..'I}lE ON TO THE 
LOADING TABLE UP 
TO LIMIT SWITCH 
X4 OR COUNTDOHN 
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Sol. valve 
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Hydraulic 
pump 
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Hyd. pump 
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Frame lock 
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Hyd. pump 
Sol. valve 
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• 
IS 
LIMIT 
SWITCH x4 
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~ YES 
PUSH TilE EMPTY 
CYL. UNDER THE 
HOPPER AND ALIGN 
FULL CYL. WITH 
EXTRUSION FRANE 
UP TO LINIT SWI-
TClIES X4/X5 OR 
COUNTDOHN (OPEN 
HOPPER SHUTTER) 
RE 
BOTH Lll1. 
3 ITCHES X4/ 
5 ON? 
YES 
PULL FULL CYL IN 
TO EXTRUSION 
FRAME UP TO Llli. 
SWITCH X8 
RELEASE CLY AND 
CONT. RETRACTING 
UNTIL PULL/PUSH 
PLATE CLEARS ~~ST 
I.E.LIN. SW. X9 
START PISTON EN-
TRY UP TO Lll1IT 
SIHTCII XlO OR 
COUNTDOI-.'N 
~-
"-!'YES 
1 
8 
13 
1 
11 
1 
11 
13 
Hydraulic 
pump 
Sol. valve 
SV04-A 
pun 
Solenoids 
Hydraulic 
pump 
Sol. valve 
SVOS-B 
Hydraulic 
pump 
Sol. valve 
SOV5-B 
Pull 
solenoids 
1 Hydraulic 
pump 
18. Sol. valve 
SOVC1-11 s,:? 
14 Sol. valve 
CVOl-A 
• • 
• 
LIFT EXTRUSION 
FRA!ffi CLEAR DRYER 
UP TO LUIlT 
SIIITCH Xll 
PAN EXTRUSION 
FRAME ONTO DRYER 
UP TO LUIlT SWI-
TCH X12 
START COMPACT ION 
UP TO PRESSURE 
SETTING ON PRES. 
SHITCH X13 OR 
,LUIlT SW. X14 
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~- IS EXTRUSION 
CQ}lPLETE 
? 
U' YES 
I< (OR CALL 
ACKN01.JLEDGED) 
(1) START EXTRUS-
ION UP TO LIMIT 
SWITCH X14. 
(2) BUZZ OPERATOR 
TO CHARGE 
ANOTHER CYLINDER. 
EXTRUSION 
COMPLETED 
IS 
CALL 
ACKNOWlEDGED 
CONTINUE EXTRUD-
ING AND CHECK FOR 
SYSTEH READY 
SIGNAL X3l 
OR END OF 
EXTr.USION X14 
1 
7 
12 
1 
9 
1· 
3 
14 
1 
3 
25 
26 
.1 
3 
26 
Hyd. pump 
Sol valve 
SV03-B 
Frame lock 
solenoids 
Hyd. pump 
Sol. valve 
SV02-B 
Hyd. pump 
Sol. valve 
SVOl-B 
Sol. valve 
CVOl-A 
Hyd. pump 
Sol. valve 
SVOI-B 
Buzzer 
Cyl charge 
request 
light 
lIyd. pump 
Sol. vaJve 
SVOI-B 
Cyl. charge 
request 
light 
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READY 
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I ,OPERATOR I 
L --' 
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AHAY FROM HOPPER 
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X4 
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(1) BUZZ Opr~\ToRl 
UNTIL-CALL ACK. 
X32 
. (2) INDICATE 
FAULT 
INDICATE FAULT 
UNTIL IT IS 
CLEARED X3l 
(1) BUZZ OPERATOR 
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X32 
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fj <=l W f-o< OH": ~~> 
1-< f-: H Z-IH 
O~U 
UO": 
25 
27 
27 
25 
28 
28 
--
t!> 
Z 
H 
<=l 
Z <=l 
0 W P<o-lHf-o< U)OZ< 
gjl:i!>lf:; 
O=:Z~H 
OO..,JU 
uuw..: 
Buzzer 
Indicator 
light) cyl. 
stuck on 
ejection 
· 
Indicator 
light., cyl. 
stuck on 
ej ection 
· 
Buzzer 
Loading 
table 
empty 
ind. light 
· 
Loading 
table 
empty 
ind. light 
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(1) BUZZ OPERATO 
UNTIL CALL ACK. 
x32 
(2) INDICATE 
FAULT 
INDICATE FAULT 
UNTIL IT IS 
CLEARED X31 
(1) BUZZ OPERATOR 
UNTIL CALL ACK. 
X32 
(2) INDIG..ilTE 
FAUL'i.' 
INDICATE FAULT 
UNTIL IT IS 
CLEARED X31 
~-----~-----------.-
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Buzzer 
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light 
Buzzer 
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failure 
indicator 
Piston entry 
failure 
indicator 
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"EXTRUSION PROCESS AND' APPARATTJS" 
Tbis invention relates to means for extrusion of 
a plastic material and particularly provides means for 
extrusion of such a material comprising a pigment or a 
precursor thereof and ,~ater on to the moving conveyor belt 
of a belt drying oven. 
In the manufacture of pigments and particularly 
inorganic pigments such 'as cadmium sulphide pigments, one 
or more filtration and drying operations are required. In 
the drying operation, it is the usual' practice to extrude 
fil ter cake containing generally bet,~een 4.1)~b and 60~b by 
weight of water by means of a screw extruder and to allow :the 
extrudate~ which has the form of a filamentary or cord-like 
plastic substance, to settle under the influence of gravity 
" 
,onto the moving conveyor belt of a belt drying oven. Ideally, 
the consistency of the extrudate is such that it retains its 
three dimensional form and settles on to the belt in a randomly-
orientated mass'of filament or cords, thus providing a high 
surface area a.nd air being thus able to circulate readj.ly 
through the mass to effect efficient drying. The speed of the 
belt may be adjusted relative to the speed of extrusion to 
allow control to be exercised over the depth of the extrudate 
on the belt. 
One disadvantage of screw extruders is that 
extrusion pressure is applied only to that portion of material 
actually in the barrel of the extruder and in consequence any 
local zones of inhomogenci ty in respect of watel' content of 
- . 
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the material affect the quality of the extrudate, leading 
, , 
to poor drying, or the efficiency of the extrusion operation. 
Thu~, a zone of excessive wetness will be extruded as a 
flowable material, or even as a slurry, which will not retain 
its three-dimensional form on the conveyor belt and will in 
consequence not be properly dried. A zone of excessive 
dryness, on the other hand, will tend to block the extrusion 
holes of the extruder. 
We have now found that this disadvantage may be 
overcome by a,pplying extrusion pressure to a larger volume 
of material by means of a ram, any local zones of inhomogeneity 
thus being eradicated before the extrusion operation is 
performed. 
According to one aspect of the invention, therefore, 
we provide a process for extrusion of a, plastic material 
comprising supplying the material to a loading/unloading 
station in a container a wall of which has one or more holes 
for extrusion formed therein, moving the container to an 
extrusion station and, thereafter, applying extrusion pressure 
to the material by means of a ram. 
Preferably, pressure is applied in two stages, in 
'which a lower pressure than that required for extrusion is 
first applied to compress the material and to cause any excess 
wetness, for example, to be exuded, and in which a higher 
pressure is then applied for extrusion. 
We have found that pressure exerted by the 
extrusion ram is sufficient to compress substantially the 
entire charge of plastic material in the container prior to 
extrusion to an extent sufficient to eradicate any local zones 
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inhomogeneity with respect to water content in the charge. 
Any excess water in local zones. is either distributed 
substantially throughout and taken up by the remainder of 
the charge or is e:ll.'"Pelled through extrusion holes prior to 
extrusion of the plastic material. The remaining plastic 
material, on extrusion, has a consistency such that it retains 
its three{diemsn~~~orm and settles on the b~lt in a 
'--------- ...-----/ -----~ randomly-or5.ented mass of filamentary or cord-like material 
whicl1 provides a high surface area for drying air to 
circulate readily throughout the mass. A·further advantage 
is that higher extrusion pressures obtained with 'apparatus 
a~cording to the invention compared with prior art extruders 
such as screw extruders result in extrudate being more 
-- . 
compact and bence stronger and less prone to collapse or 
breakage on the conveyor belt. 
According to a second aspect of the invention, 
apparatus for extrusion of a plastic material comprises a 
container for holding a quantity of material and having one 
or more extrusion holes formed in a wall thereof and being 
adapted for location in a cage movable between a loading/ 
unloading station and an extrusion station, and ram means 
which can be entered into the container for exerting 
pressure on the material at least when the container is at 
the extrusion. stationo 
Preferably, apparatus according to the invention 
is used in combination l-li th a conveyor belt or other 
carriage means for receiving extruded material, for e~ample, 
the belt of a belt drying oven, and the loading/unloading 
.' . 
station is loca.ted at or near floor level and the extrusion 
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.. 
station is located above the belt so that the extrudate 
settles under the influence of gravity on to the belt. 
The container may have for convenience the form 
'of a hollow right circular cylinder closed at one end, 
extrusion hol es bej,ng formed subs tantially longitudinally 
through the closed end, holes additionally or instead being 
formed radially through the cylindrical wall. One or more 
'dowels are preferably provided on the underside of the 
'container for location of the container in the cage. The 
ram preferably comprises a piston '~hich can be entered into 
the cylinder through the open end and which is a sliding 
fit within the cylinder, suitable sealing mearis such a~ one 
or more spring rings being provided ci~~ferentially around 
the piston. The piston' 1.~ connected via a piston rod to' 
activating means which maY"be screw-operated, hydraulically 
operated or the like. We prefer to use a double~acting 
hydr~ulic cylinder and piston assembly which may act 
directly or indirectly on the ram. 
The cage preferably comprises a reinforced 
frame'l'lOrk having a base and a roof section and at least one 
open side for facilitating loading with and unloading of 'the 
container. The base of the cage is provided with one or more 
holes generally larger in diameter than the extrusion holes 
of the container and positioned to be in registration with the 
said extrusion holes when the container is correctly located 
on the base of the cage an~, when locating dowels are fixed 
to the underside of the containeG is further provided with 
onc or more corresponding holes for receiving the d,owels. 
One way of providing covement between loading/ 
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unloading and extrusion stations is to mount the c~ge on a 
pylon for longitudinal-sliding movement relative thereto, in 
a substantially vertical plane, the pylon being itself carried 
on a chassis for longitudinal sliding movement relative 
thereto .in a substantially horizontal plane. Hovement of the 
pylon and the cage relative to;th·~ pylon is eacll preferably 
provided by means of a respective ram, for example, a hydraulic 
ram, ''1hich may act either directly or indirectly·. Al ternati vely 
and preferably, movement of the cage on the pylon is controlled 
by means of a hydraulically-operated piston mounted substantially 
parallel to the longitudinal axis of the pylon and in the 
region of the ,upper cnd thereof, ·the lower end of the piston 
having attached thereto a pulley, one end-of a chain or other 
flexible support means·being attached to a mounting point 
to,~ards the lower. end of the pylon and the other end being 
passed over the pulley and attached to the cage, thus 
imparting a mechanical advantage to the movement of the cage 
relative to the movement of the piston. 
Heans for activating the extrusion ram may be· 
mounted either on a structure fast with the upper end of the 
pylon so that the activating means is in registration ''11th 
the ram when the container in the cage is at the extrusion 
station or, alternatively, activating means may be mounted 
dircctly on the cage •. The latter arrangement is to be 
preferred due to the ram thus being capable of being securely 
attached to the .ram activating means irrespective of the 
presence or a~sence of a containcr in the cage and 
irrespective of whether the cage is at the extrusion station 
or at some other location •. 
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To facilitate loading and unloading of the cage, 
locating dowels when fixed to the unde'rside of the container 
are each provided at the lower end with a spherical castor or 
other bearing means and the pylon base section is provided 
with upstanding pegs corresponding in number and relative 
position with the container dowel locating holes in the base 
of the cage. Thus, wi~h the cage at the loading/unloading 
station at the lower end of the pylon so that the underside 
of the cage rests on the pylon base section, the pegs fit 
into the said locating holes and thereby displace the locating 
dowel~ of a container in the cage., Bach peg is adapted to 
have a substantially flat upper surface -,.,hich is flush with 
the floor of the cage when the latter is at the loading/ 
unloading 'station so that a container cail be rolled on its 
spherical castors either into or out of position relative 
to the pegs and hence to the locating holes. 
The apparatus is suitable for use with a plurality 
of containers to minimize downtime during container charging 
and handling operations. Thus, a container handling system 
Iluitable,for use with apparatus accord'ing to the invention 
may include a charging station for charging an empty 
container with material to be extruded, and a holding station 
for holding a charged container pending loading into the cage 
of the apparatus, together ,~i th means for simultaneously 
removing an empty container at tile loading/unloading station 
and transporting it to the charging station, transporting a 
charged container from the charging station to the holding 
station a~d transporting a further charged container fro~ tile 
holding station to the loading/unloading station. 
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Apparatus according to the invention will now be 
described by way of example with reference to the accompanying 
drawings, of which:-
--_._-. 
Fig. 1 is a perspective view; 
Fig. 2 is a section along the lini 11 - 11 of 
Fig. 1;" 
Fig. 3 is a section along the line III - III of 
Fig. 1 
Fig. 1j is a diagrallllDatic sectional view of the 
container located in the base of the cage; 
Fig. 5 is a diagrallllDatic sectional view of the 
container at the loading/unloading station; 
Fig. 6 is a diagrammatic illustration of the 
loading/unloading and extrusion stations, and 
Figs. 7 and 8 show the location of limit switches 
on the apparatus. 
Referring to Fig.l, apparatus according to the 
invention is shown consisting essentially of a chassis 11, a 
pylon comprising an upstanding section 12 and a base section 13, 
and"a cage 14. Chassis 11 comprises a pair of longitudinal 
channel girders 15 suitably end-brac.ed by" girders 16 and 17. 
The "inwardly-facing web surfaces of girders 15 are each 
provided with a runner 18 (one side only sho,m) for" sliding 
movement of the" pylon thereon (see also Fig. 2). The runners 
extend longitudinally between end girder 16 and an intermediate 
cross-element 19. 
The pylon upstanding section 12 comprises a pair 
of fabricated structures 20 suitably cross-braced at their 
ends (21 and 22) and at intermediate locations (23 and 24). 
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The up'standing section is rigidly secured to base s.ection 13 
which comprises a girder framework consisting of a pair of 
longitudinal angle girders 25 cross-braced at their ends, 
cross-brace girde~'26 being remote from the upstanding section 
and cross-brace girder 22 being common with the lower end cross 
bracing girder of the upstanding section. The base section 
(see also Fig.2) is idapted to slide longitudinally between 
chassis girders 15 and is carried for this purpose on runners 18. 
Wlleels or rollers 27 (sh01m in dotted outl ine in Fig.l) are 
.. provided on the outside of angle girders 25 for iacili tating 
such sliding movement, which is contro~led by means of piston 
rod 28 acting on cross-element 19. and powered:hydraulicalli 
by tl-/o-way hydrauli'c cylinder 29. 
--- . 
The cage 14 consists essentially of a base member 
30 and a roof member 31 held in spaced-apart relationship 
by means of a reinforced framework comprising end members 32 
and intel~ediate reinforcing ribs 33. The cage is open-sided 
on at least one side for providing access for loading and 
unloading containers. The base is provided with four holes 
34 ( ·three only visible in Fig.l) for receiving locating 
d01-1els on the underside of the container. Further holes 35 
are provided for passage therethrough of extruded material. 
A double-acting hydraulic cylinder 36 is secured to the roof 
of the cage and is cOD..'1ected with piston 37 for exerting ram 
extrusion pressure on the material in the container. The cage 
1s mounted for longitudinal sliding movement ",1 th resp·ect to 
the pylon upstanding section by means of rollers adapted to 
roll on the inner sides of the channel sections of the 
.. longi tudinal fabricated structures, the roller axles being 
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secured by nuts 38 to plates 39 attached to the cage. Sliding 
movement is controlled by double-acting hydraulic cylinder 40 
the piston rod of which is connected to a pulley 41 over which 
passes chain 42 secured at one end to the pylon at 43 and at 
the other end to the base of the cage. 
Fig. 2 is a cross-section through the chassis and 
pylon base member to show the arrangement of the runners and 
the wheels. In' addition to elements 15, 18, 25 and 27 already 
referred to, Fig.2 illustrates a longitudinal plate 44 secured 
to the upper surface of each girder 15 for acting as a cover 
for the runners and longitudinal bearing strip li5 secured to 
• 
the inward-facing edge of each runner to pI-event ske"ling of 
the pylon base section between the chassis longitudinal girders 
"dth consequential interruption to smooth running. The 
material of the bearing strip may be, for example, wh.ite metal 
or nylon. 
Fig. 3 is a cross-section through the pylon 
showing part of the cage and the means by which sliding movement 
of the cage relative to the pylon is facilitated. The 
fabricated structures 20 each comprise a box girder 46 to 
,which is attached a pair of longitudinal plates 47 to create 
longj.tudinal channel sections l~hich are arranged to be inwardly 
facing. To the cage 14 is attached a pair of plates 39 on 
which there are rotatably mounted, by means of nuts 38, rollers 
48 which bear on the inner sides of the channel sections. 
Elements 24 and 25 are respectively a pylon cross-brace and 
". 
pylon base se~tion longitudinal girders (see Fig.l). 
Figures 4. and 5 are schematic represen~ations of 
the containers. In Fig.4., the container 49 is located in and 
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is supported by the base 30 of the cage, locating dowels 50 
being positioned in holes 34 (see Fig.i). Extrusion holes 51 
are in registration with larger diameter holes 35 formed in 
the base of the cage. The dowels are equipped with spherjcal 
castors 52. 
In Fig.5, the container is shown at the loading/ 
unloading station standing with spherical castors 52 on 
upstanding pegs· 53 located in a member itself secured to the 
base section of the pylon, the pegs having displaced the 
locating dOl'lels 50 from holes 34 as the cage was lowered an 
to the said base section, the upper surface of pegs 53 being 
essentially flush with the floor (i.e. the upper surface of 
'the base 30) of th'e cage to facilitate loading and unloading 
of the cage by· rolling the container on castors 53. 
Figure 6 comprises two diagrams 6A and 6B showing 
the apparatus' schematically in the loading/unloading station 
and the extruding station respectively in relation to the 
belt drying oven shown in cross-section at 54. 
In a process according to the invention for 
extrusion of a plastic material, extrusion rate is controlled 
by. controlling the extrusion ram pressure. lI'here extruded 
material is allowed to settle on a.moving conveyor belt, for 
example, the belt of a belt drying oven, the depth of material 
on the belt may be controlled either by controlling the 
extrusion rate and/or by c<?ntrolling the speed ot the conveyor 
belt. 
For the purpose of drying a pigment or a precursor 
thereot in a belt drying oven, the optimum depth of extrudate 
-. 
on the belt is normally about four inches. 
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Apparatus according to the invcntion may be 
controlled by hydraulic control means in standard manner and 
.1 ts operation is ~~faCili tated by use of limit switches to 
indicate the position of various components of the apparatus 
at various stages in the process. 
Figures 7 and 8 indicate the positions of limit 
s,~i tches Xl to x6 and X8 to Xl5 on the apparatus illustrated 
in Fig.l, the switches being involved in the various stages 
of the process of operating the apparatus as follo,~s:~· __________ ~, . 
. ' 
• 
--_ .... 
.' 
YES 
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START 
WITHDRAW PISTON 
FROM EXTRUSION 
CYLIh'DER UP TO 
LIMIT SWITCH Xl 
PAll EXTRUSION 
FRA .. '1E CLr.IIR 
DRYER UP TO 
LIMIT Sio.'1'!.C:a: X2 
NO 
LIIT EXTRUSION 
FRAl{f; TO FREE 
FRAME WC1\: 
. SOLENOID UP TO 
LlliIr SwrTcn Xl1 
LOWER EXTRUSION 
. FRAME UP TO 
I.I.lfiT SwrrCH X3 . 
8'~'·-~N-::O--< 
r---'-----'>; YES GY PUSH E!1?TY CTI.. 
OUT vF EXTRUSION 
FRAl£ ON TO·l1:lE 
LOADI~G .ABLE UP 
TO LrtlIT SI,'ITCH 
X4 Oil. COmrrTYJ\.i'N 
, 
--
. . 
.' . 
-------:--
--_.---
.' 
. '
• 
. " 
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l------'M 'YES ",_ 
. . 
' .• - •. • • .: =-:"' 
PU SH THE f..Y.l'TY 
CYL. UNDER THE 
HOPPER A...'ID ALIGN 
FULL en. t-lITR 
EXIRUSION FRA.'lE 
UP TO LnITT St-/I-
TCHES X4/X5 OR 
COUNTOOw"N (OPEN 
HOPPER SHUTTER) 
. ". YES· 
, '. 
PULL ':FULL en m 
TO EXTRUSION"~" 
FRAME UP TO LIM • 
SWITCE X8' 
... :' ' .. " 
! ." " •• " •• o. 
~o' • '0' 
--- . 
-. 
. , 
'. -, ,r-"---.J..-----. 
.: .. 
l:EU.ASE en.AND 
CONT. RET~CTING 
UNTIL PUL~/pUSH" 
PLATE' CLEA..1tS l'.AST 
I.E. Llli. st7. X9 
START PISTON EN-
TRY UP :ro L lliIT 
SWITCH X10 OR 
COUlITOOI-.'N 
• 
.' 
, ~ 
, ' 
• 
.. 
.. 
.... _ ... -
- - .... 
'i: (OR CALL 
AClQ;O;"'LEDGED) 
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LIFl' EXTRUSION 
FRAME CLEAR DRYER 
UP TO LUU:r 
SWITCH XlI 
PAN EXTRUSION 
FRAME ONTO DRYER 
Ul' TO LnITT Sl,'I-
. TCn X12 
START COMPACT ION. 
UP TO PRESSURE 
SETTING ON PRES. 
S~'ITCH X13 OR 
. LL'1IT SW. X14 
YES 
_ . 
• 
(1) START EA7RUS-
ION UP :rO LIMIT 
'. Stm"CH X14. 
(2) BUZZ OPERATOR 
TO CHARGE 
ANOTHER CYLINGER. I 
EXTRUSION 
EX7RUSION COXP;ETE*' 
COill'LETED • CALL 
AC~O·.:!'EDGTIl 
, 
COh7INUE. EXTRUD-I 
ING A.\1l CRECK fOR I 
SYSTEM READY I 
SIGNAL X31 
OR Ehll OF 
EXTRUSION X14 
... 
. 
. 
• 
• 
• 
" 
. , 
.. 
.. 
. ,
'. 
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. ; 
" 
EXTRUSION 
~ . COMPLETED 
" 
. 
.. .. 
. " .... 
. . .. ' 
.. 
• 
, 
: 
SYSTEM -
READY 
CON1'IKlIE' 
EX"rRUDING UP TO 
X14 
" .. L-__ .....:.. ___ ...J 
/' S , 
. -"THE'" 
~ei:~ ).'i{l r ,~ni-< LOAD CELJs > , ON-" , 
be no '. 1 
operation 
he::e for 
1 f,O 1 I 
, . skip to' :.. . 
t;o 
r'- --""I 
.' ' Th'TOR.'l 
. . I I 
· . 
. . 
cylinder 
. ,ratio 
. ' . 
--' -_._-. . 
- -' ... ,' . 
---.-. 
'. • 
. 
• 
· . ' 
• • "0 
· 
. . 
. .. 
.I , .. :', ,.: . t' , OP~~OR '.--1 
L :' . . ,: . - -:-:-
. . 
. " 
• . -'0 
-----
, . 
" 
' .. 
.. ' ." 
• 
. , 
r.:====::::::L.---. 
Sl'.1lT ROPPER IT 
PRESE1:'-X :iD VE en. 
A~ FRO~ HOPPER 
uP, TO Llli. SwTICB: 
X4 
· • · , . 
.. . ~ .. ' . "~ ... 
.. 
~ 
. ,:... 
.... .. . 
· 
· 
• 
• 
' . 
.-
", " 
". 
-. 
. ... .. .. ' 
,. 
• 
, 
. 
~.. . 
. . 
. .... 
CK CYLTh"DER I!l 
SITION XOV~ LOt~ 
" ING TABU UP TO 
nuT SW.l.TCE XIS 
,BO';':; TABLE £.!~y 
"TO RECEIVL 2{?Tf 
CYLllillER 'FRO:! 
PR}Y.:; m."TlL X6 
• 
" , 
'. 
-. -~ .. -- .. 
• 
• 
• , . 
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" 
\. (1) BUZZ OPERATOR! 
. tr.:rIL CALL ACK. 
X32 . 
(2) INDICATE:. 
FAULT 
... -. 
INDICATE. FAULT 
UNTIL IT IS . 
CLEARED X31 
" .. , 
-.;. . 
. " 
, . 
., . 
. . 
. . 
. . . 
• (1) BUZZ OPERATOR 
. UNTIL CALL ACR • 
. X32 :. 
(2) nmICA'n: 
FAULT 
Th'DIC.'!"TE STATUS 
UNTIL READY 
SIGNAL.X31 
• 
. 
• 
-. 
. . 
., 
; 
----
., 
• 
, 
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(1) BUZZ OP~_~Op. 
UNTIL CALL l..CK. 
X32 
(2) INDICAr:: 
:roAn! 
INDICATE 1'1..l:'l! 
UNTIL IT IS 
CLEARED :01· 
--;.. . 
.--__ .....x ___ :.,. _ 
(1) BUZZ OPE31..TOR 
mr:::IL Cbll. ..l.CX. 
X32 
(2) INDICAn: 
:roAn! 
INDICA!E FAn! 
UNTIL IT" IS 
CLEA.l1.ED D1 
.. 
' . 
, .. 
<- .•.. 
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CLAIHS: ... "'-- _. "-" .•.... _--------_ .. 
1. A process for extrusion of a plastic material 
comprising suppl~ing the material to a loading/unloading 
station in a container a wall of which has one or more holes 
for extrusion fermed therein. moving the container to an 
extrusion station and. thereafter. applying extrusion pressure 
to the material by means of a ram. 
2. A.process as claimed in Claim 1 in which pressure 
is applied in two stages in which a lower pressure than that 
required for extrusion is first .applied to compress the 
materj.al and to cause any excess wetnes~. for example. to be 
exuded. and in lVhich a higher pressure is then applied for 
extrusion. 
3. Apparatus for extrusion of a plastic material 
comprises a container for holding a quantity of material and 
having one or more extrusion holes formed in a wall thereof 
and being adapted for location in a cage movable between a 
loading/unloading station and an extrusion station. and ram 
means which call be entered into the container for exerting 
pressure on the material a.t least when the containcr is at 
the extrusion ·station. 
4. Apparatus as claimed in Claim 3 in combination 
with a conveyor belt or other carriage means for receiving 
extruded material. '" the loading/unloadj.ng statiol~ .b~ing 
located at or near floor level and the extrusion station being 
- 186 -
located above the belt so that the extrudate settles under 
the l.nfluence of gravi t)r on to the belt. 
5. ~ppara tus as claimed in Claim 3 or 4 in "Ihich 
the cage is mounted on a vertical pylon for longitudinal 
. sliding movement relative thereto, in a substantially' vertical 
plane, the pylon being itself carried on a chassis for 
lo'ngitudinal sliding movement relative thereto in a 
substantially horizontal plane. 
, . 
. ~ 
." . 
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ABSTRACT 
Plastic material such as pigment filter cake 
is extruded in filamentary form for drying by means of a ram 
.-.-.. ~ "'~~".' ..... 
extruder which eradic a tes':'19.9!oiJ.. zones of inhomogeneity. 
. . . .-.' . 
Pressure !Jay be applied by the ram in two stages; a lo'~er 
pressure to homogenise the material followed by a higher 
pressure to extrude it. 
Apparatus for car17ing out the process comprises 
a container transportable in cage between a loading/unloading 
station and an extrusion station • 
. '
-. 
Fig.1. 
- 188 -
1/6 
36 
33 
37 
14...../' 
~ 35/' III 30 ' ,Y . 20 __ 
, 
26 
25 
I [ 
25 29 
,-,-"....-
. ' . 
39 
, 
38 
41 
III 
12 
) 42 
43 
\ 
,'" 
,...., 
<:..-. 
27- -~ ~; 
f 
.. 1. \ 15 18 
25 
--
47, 
-
48 
2 OJ 
- 189 -
2/6 
, 
, 
Fig.2. 
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Appendix iG' 
List of \'/orking Dra~lings 
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DRAI"IING NO. DESCRIPTION 
79N/000l Engineering Analysis Chart 
791"1/0002 Support for Experimental Extrusion Cylinder 
7911/0003 . Experimental Extrusion Cylinder . 
79W/0004 Experimental Piston Detail and Assembly 
79W/0005 Experimental Extrusion Cylinder 205 MM dia. 
79\'1'/0006 Experimental Extrusion Piston Detail and Assembly 
79vl/0007 Layout of Extrusion Plant 
79W/0008 Extrusion Machine Assembly 
7911/0009 Base/Bast Subassembly 
79W/00IO Base Fabrication 
79W/00ll Details 
79W/0012 Mast Fabrication 
79/W0013 Positioning Ram Mounting Details 
79W/0014 Extrusion Frame Lifting Arrangement 
79W/0015 Shackle Details 
79W/0016 Extrusion Frame/Mast Subassembly 
7911/0017 Extrusion Frame Fabrication Detail 
79W/0018 
79W/0019 
79W/0020 
79W/0021 
79W/0022 
791'1/0023 
7911/0024 
791'1/0025 
79\1j0026 
79\'1'/0027 
79W/0028 
Extrusion Frame Fabrication Detail 
Extrusion Frame Bottom Plate 
~ 
Extrusion Frame Top Plate 
Extrusion Frame Sub fabrication 
Extrusion Frame Yoke Fabrication 
Extrusion Frame Fabrication 
Cross Beam 
Hast Fabrication Pieces 
Chassis Left-hand Longitudinal Member 
Chassis Right-hand Longitudinal Member 
Hast/Chassis Pieces 
DRAWING NO. 
791V!0029 
79W/00~0 
79W/0031 
79W/0032 
79W/0033 
79W/0034 
79W/0035 
791'1'/0036 
791'1'/0037 
791'1'/0038 
791'1'/0039 
791'1'/0040 
79W/0041 
79W/0042 
79W/0043 
79W/0044 
. 79W/0045 
791V!0046 
79W/004~ 
791'1'/0048 
791'1'/0049 
79W/0050 
79W/0051 
79W/0052 
79W/0053 
791'1' ;0054 
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DESCRIPTION 
Hast Track Fabrication· 
!-last Brace 
Cylinder ejecting Pegs 
Cylinder Transporting/locating Arrangement 
Extrusion Cylinder Fabrication 
Extrusion Cylinder Hachining Detail 
Extrusion Cylinder Fabrication Pieces 
Piston Fabrication Pieces 
Seal . Backing Ring 
Piston Fabrication Detail 
Piston·Hachine Detail 
Piston Assembly 
Control Schematic 
Extrusion Hachine Perspective View 
Part List for Extrusion f-lachine Ass. Drg. No. 79W/0008 
Part List for Base-l1ast ::;ubassembly Drg~No.79W/0009 
Part List for Positioning-Ram Mounting Detail 
Drg. No. 79\v/0013 
Part List for Extrusion Frame Lifting Arrangement 
Drg. No. 79N/0014 
Part List ,for Extrusion Frame-Hast Subassembly 
Drg. No. 79\~/0016 
Filter Cake Handling Equipment Frame ·Fabrication 
Filter Cake Handling Equipment Frame Base Fabrication 
Filter Cake Handling Equipment Frame Base Pieces 
Filter Cake Handling Equipment Frame Top Rail 
Filter Cake Handling Equipment Frame Top Rail Pieces 
Filter Cake Handling Equipment Frame Inner Left--
hand Skirting 
Filter Cake Handling Equipment Frame Inner Right-
Hand Skirting 
DRAEING NO. 
79W/0055 
79W/0056 
79N/0057 
79N/0058 
79\'1/0059 
79W/0060 
79W/0061 
791'i'j0062 
79\'1/0063 
791'1/0064 
79W/0065 
79H/0066 
791-1/0067 
79H/0068 
~9H/0069 
79N/0070 
79W/0071 
79W/0072 
79W/0073 
~9H/007i1 
79H/0075 
79W/OO76 
79W/0077 
79H/0078 
79IV/0079 
791'i'j0080 
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DESCRIPTION 
Filter Cake Handling 'Equipment Frame outer 
Skirting 
Filter Cake Handling Equipment Frame Column 
Filter Cake Handling Equipment Transfer Platform 
Filter Cake Handling Equipment Transfer Platform 
Pieces 
Filter Cake Handling Equipment Hopper Fabrication 
Filter Cake Handling Equipment Table Fabrication 
F'ilter Cake Handling Equipment Table Top 
Filter Cake Handling Equipment Table Angles 
Filter Cake Handling Equipment CLEVIS BRl\.CKE'r 
Filter Cake Handling Equipment Tilting Cradle 
Frame 
Filter Cake Handling Equipment Cradle 
Filter Cake Handling Equipment Cradle Fabrication 
. Filter Cake Handling Equipment Table stub Axle 
Filter Cake Handling Eqilipment Table Stub Axle 
Spacer 
Filter Cake Handling Equipment Longitudinal 
Positioning Ram Bracket 
Filter Cake Handling Equipment A.;; semble 
Hopper Shutter (Filter Cake Handling Equipment) 
Shutter Track (Filter Cake Handling Equipment) 
Filter Cake Handling Equipment Part List 
Filter Cake Handling Equipment End llounted Cradle 
Filter Cake Handling Equipment Side Hounted Cradl, 
Extrusion Plant Limit Switch Position 
·Extrusion Plant Hydraulic· Piping 
Extru£ion Plant Drawing Chain Mounting Detail 
Niring Connection to Sequence Controller 
Control Wiring Output Connection 
DRANING NO. 
79W/008l 
79W/0082 
79WOO/83 
791V/0084 
79W/0085 
791'1/0086 
79W/0087 
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. DESCRIPTION 
Control Wiring Input Connection 
Bottom Plate for Cowan Plant 
Flapper Guide 
Extra Hole Detail on Extrusion Cylinder/ 
(Cowan Plant) 
Die Plate Mouthpiece 
Transverse Loading Ram Hounting Detail 
Part List for Drawing No. 791'1/0086 
<. 
'. , 
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